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. Southern California Edisbn Company

2244 WALNUT GROVE AVENUE . -
ROSEMEAD CAuALIFORNIA 21770

TELEPHONE
OWARD J FAEDER. Fw D - 181 ®) 307-200%
R OF ENJRONMRENTAL ODPE{RATIONE

January 21, 1986

Mr. William V. Leoscutoff, Chief
Toxic Pollutants Branch
Air Resources Board

ttention: Cadmium

P. 0. Box 2815 .
Sacramento, California 95812

Dear Mr. Loscutoff:
SUBJECT: Draft Report to the Scientific Review Panel on Cadmium

. Southern California Edison Conmpany has reviewed the draft
cdocument entitied "Report to the Scientific Review Panel on
TaZmium* and would like to subzniit these brief comments on
saveral important issues which are addressed in this report.

The issues of primary concern are the cadmium emission estimates
from ¢ll-fired power plants and the methods used to estimate the
carcinogenic risks from cadmium.

In addition we would like to submit for your information the
transcripts from the recent U.S. Environmental Protectiop
Agency's public hearing on the EPA Notice of Intent to List
Cacdmium Under Section 112 of the Clean 2ir Act.

Edisen regrets that we were unzble to maet the stringent
ceadline for comment submittal. We believe, however, that the
Time provided for public review, which has been on the order of
two wéeks, is not sufficient tec allew the level ¢f review and
comment these important documents reguire.

. THE ABOVE MENTIONED ATTACHMENT OF TRANSCRIPTS OF EPA HEARING
ON NOTICE OF INTENT 7O LIST CADMIUM UNDER SECTION 112 OF THE
CLEAN AIR ACT CAn BE FOUND AS APPENDIX F OF COMMENTS FROM THE
CADMIUM COUNCIL.




EMISSION ESTIMATES

.

ARB has estimated cadmium exission factors (1lb of Cd per 1lb
of fuel burned) from cil-fired power plants by taking an average
" of estimates from two studies, Taback et al. (1%79) and Krishnan
and Hellwig (1982). The estimated emission factor was then
applied to the residual fuel oil consumption by utilities in
1983 to obtain the emission estimate.

Taback et al. analyzed flue gas particulate samples from oil
fired power plants in the South Coast Air Basin. Estimates of
cadmium emissions were made for four of the tests. Since total
fuel oil consumption was recorded during these tests, it is
possible to calculate fuel oil concentration of cadmium. This
data is presented in Table 1.

TABLE 1. Cadmium Emission Estirates Based on Stack Sampling.
(Taback et al. 1979)

Fuel 0Oil Calculated
Emission Consurpzion Fuel 0il
TEST: Rate (1b/hr) Razte (1b/hr Concentration
11 0.01 218,765 0.0457 ppm
12 < 0.1 220,497 < 0.453 ppm
32 < 0,1 210,857 < 0.47¢ ppm
33 c.08 209,055 G.383 ppm

Krishnan and Hellwig (1982) have estimated emissions from
residual oil-fired boilers egquipped with various types of
control devices. Emission estimates are given in terms of
picograms per joule of energy content in the fuel. ARB has
assumed an energy content of fugl‘oil of 152,000 Btu/gallon
which is equivalent to 1.6 x 10° joules/galloxn. It is
possible to calculate the concentration of cadmium in fuel oil
which would produce the estimated emissions. This is shown iq
Table 2.
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.ABLE 2. Cadmium Emission Est.mates from Krishnan and Hellwlg

(l982).

_ Emission Equivalent*
Boiler Type/ Rate Concentration
Control Device {pa/d) In 0il
Utility/ 71.8 3.20 ppm
No Controls.

Utility/ 14.4 0.642 ppn
Tlectrostatic
Precipitator

* Cadrmiun concentration in fuel oil which would
gilve eguivalent stack emissions (assumes no control device).

ER3 has estimated an_average emission factor of
approximately 3.67 X 10”6 lb/gal or 0.46 ppm in fuel oil.

This was apparently obtained by averacing (1) the highest
identified emission rate from the Taback study (and excluding
the other measured value which was about 10 times lower) ang;
... (2) the estimate from the Krishnan study which applies to
j-fj;..'tility boilers with ESP control (even though utility boilers in
PP alifornia are not equipped with these devices).

Edison has measured cadmiuxd concentrations in fuel oil at
two power plants and has_ found an average concentration of
approxinzately 0.1 ppm. There is a great range in trace element
concentrations in crude and fuel oils and "typical"®
concentration estimates may be significantly different from
reasured values at a specific plant. If the two measured values
obtained by Taback et al. are averaged (the "less than" values
are exclud¢3d) a fuel concentration of 0.21 ppm is obtalned and
this agrees fairly well with the Edison data.

The enissions estimates presented by Krishnan and Hellwig
should be viewed very cautiously. Alc hough several studies of
trace element emissions are cited by the authors, there is no
specific reference for the data or methods used to calculate
emissions of cadmium and other trace elements from oil-fired
power plants. Thus the emissions factors are essentially
tunreferenced. The authors also point out that the emission
factors are "only general estimators of the actual emissions and
could vary widely £from plant to plant".

LAY




In view of the shortcomings of the Krishnan and Hellwig .
emissions factors and the fact that they are not in agreement
with measured power plant emissions and fuel oil concentrations
obtained at California plants, it would be preferable to use the
data from Taback et al. in estimating cadmium emissions from
residual oil-fired power plants. It must be recognized that
enissions at any specific facility could be lower and that the
emission factor is only an estimate.

The ARB's emissions estimates for residual fuel oil-fired
power plants should be recalculated using the data from Taback
et al. and excluding the enmissions factors from Krishnan and
Eellwlg which-are not in good agreement with data from
California power plants.

ZVALUATION OF THE CARCINOGENIC RISKS OF CADMIUM

In June of 1985, the U.S. Environmental Protection Agency
released a final report addressing the mutagenicity and

carcinogenicity assessment of caamlum. In this report EPA
states:

"nltogether, the epidemiologic data appear to provide
limited evidence of lung cancer risk from exposure to
cadmium, based on the IARC classification systen...and
the U.S. Environmental Protection Agency's Proposed
Guidelines for Carcinogen Risk Assessment (U.S. EPA,
l984)".

L{ARC has described "limited evidence" as "evidence of
carcinogenicity, which indicates that a causal interpretation is
credible, but that alternative explanations, such as chance,
bias, or confounding, could not adeguately be excludeg" EPA
derived a unit risk estimate for cadmium of 1.8 x 10 using
the data from a study by Thun et al. (1985).

DHS, after evaluating the same study by Thun et a2il., has
concluded that "there is sufficient ev‘dence for carcinogenicity
in humans." DHS has also concluded g; the range 8“ unit risk
estimates for cadmium is from 2.3 xlO

to 21 x 107 The
upper limit of this range is more than 10 tirmes higher than the
unit risk recommended by EPA.
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q Questions therefore arise with respect to: (1) Why does the

HS interpretation of the data differ both qualitatively and
quantitatively from the interpretation of EPA?, and (2) How
strong is the evidence that cadmium is a human carcinogen?

Risk estimates cdevelcped by both EPA and DHS are shown in
Table 3. .

TABLE 3. Conmparison of Unit Risk Estimates
for Cacdmium Derived by DHS and EPA.

UPPER BEST LOW

SOURCE LINIT ESTIMATE ESTIMATE

EPA 3.5 X 1077 1.8 X 1073 not calculated

DHS 16 % 1073 2.0 x 1073 1.6 x 1072
(uncorrected)

DHS 21 x 10”3 2.3 x 1073 1.8 x 10™°
{(corrected :

. for Ao )

It should be noted that although EPA cazlculated a 95% upper
confidence lini%t (UCL) for cadmium potency, this was not
suggested as the best estimate of potency. EPA felt that the
85% UCL was '"an unnecessary added level of conservatism, since
the model used zlready inflaies the risk estimate if nonlinear
compenents exist or confounding factors are present". [EPA 1985)

One minor reason for the differences between the EPA and DHS
risk estimates is that DHS has corrected exposures on the
assumption that the cadmium levels in the Thun et al. paper were
reported as cadsium oxide. In fact, the values reported by Thun
were reported a2s cadmium {not the oxide) and this adjustment was
incorrect. The last line of Table 1 should therefore be
disregarded and these values deleted from the draft report.

The best estimates derived by EPA and DES are quite similar
(2.0 » 1077 versus 1.8 x 107 °) in spite of the fact that
they are using different models and that DES has censoted the
data from the s<udy by excluding any data which does not show an
increased cancery risx from cadmium exposure, as5 discussed below.
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The significant differences between the DHS and EPa
estimates result from the methods used to calculate upper limits
of risk. EPA has used 2 statistical approach to derive a
probabilistic estimate of the upper limit of risk. DES has used
a2 technigue which they refer to as "maximizing the slope" which
is not really a model but merely a sensitivity analysis using
"worst case" assumptions to derive a non-statistical “worst
case" estimate of risk. DHS has derived an upper limit by
assuming; (1) that the entire moderate exposure group was
exposed to the lowest level of the concentration interval for
that group; and (2) that the true cancer response observed in
that group may have besn higher (i.e. the 95% UCL for *he
relative risk). DHS also uses a higher estinmate of the
background rate for lung cancer than is used by ZPA in their
assessment.

The combined effect of these assumptions is %o create a

"worst case" estimate of risk which probably has no bearing on
the true risk.

The major problem with the model used by DES is that it
cannot. accommodate data which indicate no increase in cancer
among the exposed population. The low exposure croup in the
Thun et al. study is a case in point. This data was excluded ]
from the analysis because it did not fit into the model used by .
DHS and because DHS staff did not "believe" that cadmium
exposure could have a health protective effect. In calculating
the minimized estimate of the slope for the moderate exposure
group, another data point was deleted for the sane reasons.

This type of data censoring is clearly unscientific. Yo
reasonable justification has been given for this selective use
of data. The data for the low exposure group is just as valid
as the other data presented in the study. IZf the model chosen
by DHS does not allow for the use of all the data available in
the study, then a different model should be chosen. This would
be preferable to exclusion of data based on a priori assumptions
concerning the shape of the dose response curve. ther models,
such as the one used by EPA, do not present this type cf
preblem. Models which allow for the use of all the data should
be used by DHS. )

>

The issue of thresholds has not been dealt with adeguately
in the DHS report. The lack of response of the low exposure
group in the Thun study should have stimulated some discussion
with regard to the possibility of a threshold phenomenon. This
is particularly <true in light of the fact that the evidance for:
mutagenicity of cadrmium is very limitec. EPi's analysis has
shown that a threshecld model fits the datz as well as a linear
dose response model. The possibility ©f & thresholé phanonenon .
should be evalua<ed with respect teo the Thun gdacta.
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.5 Thun has taken steps to estimate the potential effects of

moking and arsenic exposure on the worker population. However,
the potential confounding effects of arsenic exposures in the i
workplace and the combined effects of smoking and arsenic cannot
be ruled out as a potential cause of the increased cancer
incidence at this time. It must be noted that the actual
increase in cancer in the exposed group is fairly small. There
were 7 cancers observed versus 4.6 cancers expected 'in the
moderate exposure group. If it were found that these 7 workers
with cancer had significantly higher arsenic exposure than the
other members of this exposure category, the significance of
this this study would have to be reevaluated. This type of
nested case/control study is currently being performed by Dr.
¢hun. DHES should await the results of this study before

finalizing their health effects evaluation.

Given the possible effects of arsenic exposure on the
workers in the Thun study and the lack of a consistent dose
response relationship in the epidemioclogical studies, EPA's
cenclusion of "limited evidence" of lung cancer risk from
cadmium appears warranted. This lack of streng epidemioclogic
evidence, the possibility of nonlinear ccmponents in the dose
response function, and potential confounding variables played a
role in EPA's decision teo recormmend the maximum likelihood

. aestimate of risk as the best single estimate. DHS should also

.refrain from recommending upper bound estimates of risk for
purposes of extrazpolation until the uncertainties in the
occupational epidemioclogy studies can be resolved.

With respect to new data on cadmium and cancer, DHS should
also consider obtaining the papers which will be presented at
the Fifth Internetional Cadmium Conference in San Francisco on
February 4~6, 1986. Presentations by Dr. Thun and Dr. Lamm on
Februaty 6 may be of particular interest to DHS staff.
Certainly <he staff would want to incorporate any new
information presented at this meeting before sending the report
Lo the Scientific Review Panel for their review,

Edison appreciates being provided the opportunity to comment
on this and other Toxic Air Contaminant documents. Again we
apoligize for anv inconvenience the miner delay in our submittal
may have caused.

Sincerely,
/ /
"
Ci/?ﬂizﬁf’
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_ Cadmium Council, Inc.
: 292 Madison Averue
New York, NY 1007

‘I'i 22 578-4750

January 29, 1986

Mr. Richard Bode

California Air Resources Board
1800 15th Street

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Bode:

Enclosed are the Cadmium Council's comments on the Draft Report on Cadmium
to the Scientific Review Panel.

. Thank you for the opportunity of letting us comment on this document .
b If you have any questlons, please contact me. :

Sincerely, \
& &
J-L & VL, - - B ’ L ¢G—’..

/!
Giovina L. Leone
Director, Environmental Health

cm
enclosure




. BEFORE THE CALIFORNIA AIR RESOURCES BOARD

SACRAMENTO, CALIFORNIA

;n the matter of: Draft Report to the Scientific Review Panel on Cadmium
COMMENTS OF THE CADMIUM COUNCIL, INC.

The Cadmium Council, Inec., is a non-profit trade association which
represents producers,.processors, and industrial users of cadmium in Canada and
the United States. The Council's objective with regard to cadmium and health is

) to develop and disseminate information on the health effects of cadmium in order

“.o assure the safe use of cadmium in the occupational and general environment.
This is accomplisined through the sponsorship of research on the potential health
effects of cadmium exposure, publication of educational and training materials
and dissemination of information including current developments in cadmium
health ;esearch. This data base is subsequently used in the development of
occupational and environmental regulations which assure the protection of health
while being technologically and economically feasible. {

Befors continuing, I wouldglike to thankX the Air Resources Board on
behalf of the members of the Cadmium Council for the opportunity to comment on
the draft report on cadmium.

| Accoriing to the draft, the Air Resources Board recommends that cadmium

be listed as a toxic air contaminant because cadmium, stated uneguivocally, is a

.wman gdarcinogzn. It is the purpose ¢ these comments to provide the ARB with




information which will cast sericus doubt on this statement. So much doubt that
the EPA's final Updated Mutagenicity and Carcinogenicity Assessment Document
could not provide 30lid evidence to suppeort an unequivocal conclusion about
cadmium's pbtential as a human carcinogen.

The EPA concluded that there was limited human evidence that cadmium
causes lung cancér. The Council feels that even this conclusion is inaccurate
in light of new evidence that would be contradictory. In addition, reanalysis
of the key epildemiological study is still continuing. .And, further work i; aiso
being done on eonfirﬁation of the key animal study. Until these studies are
completed and conclusions are reached, the Cadmium Council feels that there is
insufficient evidence that cadmium is a human lung carcinogen. Therefore, we
feel that there is presently no écientifically sound basis for listing cadmium
as a toxic air contaminant by the ARB.

The ARB's conelusion is a quantum leap from the EPA conélusion even
though ARB has found no new studies to support such a definitive claim. In
order to better understand why EPA reached a less definitive conclusion, it is
important to have some background on the evolution of the EPA assessment
document and its purpose.

The first draft of the health assessment decument issued in 1983‘
reviewed the animal and epidemiological evidence concerning the carcinogenicity
of cadmium and zoncluded that cadmium and certain compounds "orobably" caused
cancer of the prostate in humans. This was a radical departure from the 1981
version wnien conzluded that there was no evidence sufficient to establish that

cadmium mignt be 4 human carcinogen.




The EPA Cancer Assessment Group withdrew the 1983 draft becausg ot‘_
. .comrnents which it received indicating significant negative evidence had not been
considered which contradicted their conclqsion that cadmium probably ¢auses
prostatic cancer.
Then in 1984, a second draft health assessment docume.nt was lssued.
After reconsidering their first conclusion, they decided that cadmium could only
weakly be associated with prostatic cancer. But, they further concluded that
nevw epidemiological evidence suggested that cadmium may cause lung cancer
instead. This conclusion was based primarily on one chronic animal inhalation
study by Takenaka and coworkers, but more importantly, on an epidemiological
study by Dr. Thun of the Naticnal Institute of Occupationzl Safety and Health.
Thun found an excess of lung cancer among workers exployed for six months or
longer at a U.S._ cadmium production facility. The Cadmiuz Council's comments on
. this draft are provided as Appendix A. |
The EPA Science Advisory Board's Metals Subcommittee met‘ in October of
1984 at the University of Rochester to r'evieﬁ the draft document. Among those
giving public presentations were experts invited by the Cadmium Council. These
experts includgd Dr. George Kazantzis of the U.X., Dr. Edja Hassler of Sweden,
Dr. St’even Lamm from Washington, D.C., and Dr, Lowell White of ASARCO. Upon
completion of the presentations, the Metals Subcommittee drafted recommendations
for change to the documment (A‘ppendii B). These rzcommendations were sent to
the SAB Environmental Health Committee at which tims they were considered along
with written comments made by the publiec. The Cadmium Council submitted

additional comments wnhich summarized the presentations made before the Metals

Subcommittes {Appendix C).




Even though the letter which was sent to the Administrator of EPA by
the SAB agreed with the qualitative findings in the updated document, the SAB

qualified their statement with several recommendations for further study.

The SAE was very critical of the guantitative risk assessment which was
done by the Cancer Assessment Group recommending several changes and a
reanalysis of the data.

Although the SAB found the Takenaka study to be sufficient evidence of
cadmium‘s ability to cause cancer in animals, they felt more information was
needed on ﬁhe actuél barticle size distribution of ambient cadmium to which the
general public would be exposed. This informtion would allow a comparison of
the effective dose given to rats in the Takeﬁaka study with typiecal human
exposure for the purpose of quantitative risk assessment.

Of significance is the fact that the SAB recognized the effect of
solubility on the biloavailability of various cadmium compounds and thus, a
difference in their toxic potency. According to'the ARB draft document, recent
studies suggest absorption may not be dependant on solubility. The Oberdoerster
et.al. (1979) study comparing the lung clearance of cadmium chloride versus
cadmium oxide in rats was cited in support of this statement. However, the SAB
subcommittee found that lesser solubility does effect the toxicity of some
cadmium salts. For example, a rat inhalation study cdone by Rusch et.al. (1984,
fundam. Appl. Toxicol.) found cadmium red and yellow pigments to be much less
bicavailable resulting in decreased absorption and toxicity when compared to
cadmium carbonate and cadmium fume.

In addition, the SAB found Dr. Thun's analysis of the confounding
effects of smoking to be reasonable and, therefore, not significant. However,

Dr. Tnun's analysis of arsenic as a confounding variadle wzs criticlized for not




using individual arsenic exposure levels. It was further recommended that_the ‘
. Joint effect of cigarette smoking and arsenic exposure be examined.

The final document published in June of 1985, had no new evidence to

support its conclusion that cadmium may cause lung cancer in humans. And,

although the document did not reflect the public comments which eriticized the

animal and epidemiclogical studies upon which this conclusion is based, it did

change its conelusion that there was sufficient evidence to regard cadmium as a
mutagen. In additioh, the quantitative risk assessment was recalcdlated
according to SAB's recommendation.

Unfortunately, the SAB's additional recommendations were not included
in the final document. It is interesting to note that in their letter to the
EPA, they criticized the EPA Cancer Assessment Group for not including the

. recommendations they made on the previous draft. This is not to say that the
SAB's comments fell on deaf ears. Indeed, Dr-; Thun almost immediately went
about collecting more data in an effort to resolve the confounding effects of
arsenic exposure and smoking among his original cohori. Rather than stating
this, the final dotument repeatedly argues that the Thun analysis adequate'ly
addressed these confounding variables despite the absence of new evidence.

Since the final document was published, Dr. George Kazantzis did a case
control study for long cancer as part of a recently completed cohort mortality
study C;f‘ 6,995 male cadmiu;n workers (Appendix D). ‘This case control study was
done in response to the finding of an excess risk of lung cancer in the low
exposure group of this cohort. Dr. Kaza‘ntzis found that this excess risk of
lung cancer was not due to cadmium, nor was the excess risk of bronchitis found

. in the medium exposure group.




In addition, the Fraunhofer Institute has begun a long-term inhalation
study with cadmium which is a follow-up to the Taj-naka study. In order to .
confirm .3 original findings, hamsters and mice will be exposed to four
different cadmium compounds, including cadmium oxide. This study should be

completed sometime in late 1986.

+

Another reanalysis of the ASARCO coﬁort is presently being conducted by
Dr. Steven Lamm of CEOH in Washington, D.C.. Dr. Lamm's preliminary analysis
shows that arsenic exposure and smoking could have caused the excess of lung
cancer deaths seen in this cohort,

According to Dr. Lamm, plant history indicates three industrial eras
with respect to arsenic at this work site. Prior to 1926, the arsenic plant on
Site was actively refi;'xing the arsenic trioxide, but crude arsenic was only
stockpiled after 1940, when the feedstock arsenic content dropped to about T1%.

Analysis of cohorts by date of hire, rathrer than by dates of .
employment, is necessary to separate the effects from each exposure period.
Little industrial hygiene data preceeds the 1350's. Analysis of the mortality
data indicates a marked lung cancer risk for workers hired prior to 1926 (and
wlorking through 1940), a moderate excess lung cancer risk for workers hired
between 1926 and 1940 {and working through 1940), and no excess lung cancer risk
for those hired in 1940 or later. These datz would sugzest that arsenic
exposure might be the major determinant of risk.

With regard to smoking, histories of swoking habits for workers from
fifty years ago cannot be obtained. Adjustments of expzcted lung cancer risk
for nmissing smoking information is generally based on assumptions of risk as a
function of pack-years of exposures. But, pack-y2ars of exposure assumes
liner‘ity-in riak for both intensity of snsking and durztion of smoking, while '

zpidemiglogical analysis indicates that duration sf s=awiag is a four order risk.
p 2 J
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factor. Methodology for adjusting expected risks for duration of smoking
. history need to be developed. Dr. Lamm has begun to assess the effects of
arsenic exposure and smoking for this cohort. The results of this analysis will
be presented at the International Cadmium Conference to be held in San
Francisco, February 4-6, 1986. |
In an e}fort to resolve these questions, the Cadmium Council is among
the sponSors of the International Cadmium Conference and a workshop chaired by
Sir Richard Doll specifically on cadmium and cancer. Sir Richard Doll, oné of
the most outstanﬁing epidemiOIOgists in the world, stated in a recent
publication entitled "Occupational Cancer: Problems in Interpreting Human
Evidence” that in his'view, cadmium should not be regarded as a human carcinogen
with reférence to prostatic cancer (Appendix E).
' Acecording to Sir Doll:

. "it must be remembered too, that when an unexpected finding is observed
and further studies are made to check it, the first set of data must be
regarded as hypothesis-forming and excluded from the subsequent
analysis. Failure to remember this led the members of a recent

- INTERNATIONAL WORKSHQP ON THE CARCINOGENICITY OF METALS (1981) into
error when they concluded, on the advice of & committee which I
chaired, that ‘'exposure to cadmium had contributed to the development
of prostatic cancer' in four series of cadmium workers. The data that
were avallable to the committee are sunmmarized in Table 4, and these
results were assessed as being likely to turn up by

Table Y4 Prostatic Cancer in Cadmium Workers: Evidence Available

in 1981
Number
Country Observed Expactad Characteristic
Great Britain Y 0.6 Cases
J.5.A. Y 1.2 Deaths
Sweden (1) 2 1.2 Cases
Sweden (2} y 2.7 Cases
. All counuries 14 5.6
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chance along only twice in a thousand had the first British series been
omitted, as it should have been, a further 10 cases would have been
counted against 5.1 expected, giving a one-tailed P value of 0.04, the
conclusion that cadmium contributed to the causation of prostatic
cancer would have been, at the most, tentative, and the results of the
recent large-scale studies of all men oocupationally exposed to cadmium

in the whole of England, which are summarized in Table %, would not

have come as a surprise.”

L]

As evidenced by this example, errors in analysis of epidemiological
data can be made easily when statistical evidence is evaluated improperly.
However, an error in judgement is assured when statistical evidence is ignored
completely. The following statement from the draft-documsnt implicating-# cause
and effect relationship between cadmium and prostatie cancerlwhich totally

disavows the statistical evidence must be deleted:

"Because the human studies repeatedly find soze elevation in risk,

~albeit a non-significant one, the staff of DHS does not believe that

there is evidence to reject an effect of cadnium on prostatic cancer."

This statement is nothing more than an editorial comment. Something
that should be left out of a scientific document.

As far-as cadmium's ability to cause lung cancer, Sir Doll concluded

-

that very careful evaluation is required before a deci;ion about such an effect
is reached.

Health criteria aside, another reascon for not listing cadmium 1s
because airborne exposure to cadmium is minimal., This is according to an EPA
Office of Water publication éntitled "Cadmium Contamination of the Environment:
An Assessment of Nationwide Risk". In particular, the rzport found that zinc

and cadmium smelting is no longer a major source because of tighter controls of

other enissions.




Based on this, and other information presented before an EPA public
..ring on the notice to list cadmium under section 112, the EPA has decided to
extend the comment period for 90 days in order for additional information to be
compiled. A copy of the hearing transcript is provided as Appendix F.

In view of the uncertainties which exist with regard to cadmium's
ability to cause  lung cancer and studies that have found emissions of cadmium
into the environment to be minimal, it would appear that the listing of cadmium

as a toxic air contaminant is unwarranted, The Council recommends that this be

considered by the ARB and that no further action be taken at this time.

Giovina L. Leone, M.S.
Director, Environmental Health
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CIBA—-GEIGY

Ardsiey, New York 10502
Telephone 814 478 3131

February 3, 1986

Mr. William V. Loscutoff, Chief

Toxie Pollutants Branch

4ir Resources Board

1102 Q@ Street

P. 0. Box 2815

Sacramento, CA 95812

Attention: CADMIUM

Dear Mr. Loscutoff:

CIBA-GEIGY Corporation appreciates the opportunity to comment on the DRAFT

REPORT TO THE SCIENTIFIC REVIEW PANEL ON CADMIUM. We regret that it could
. not be supplied by January 17 but it is our understanding that you will

accept and consider our comments.

CIBA-GEIGY handles cadmium chemicals in the workplace and produces cadmium
pigments for the mnmarketplace. We are interested in the proper and
appropriate regulation of cadmium and its compounds for the protection of
workers and the general public. Your draft document represents an
excellent review of the available datz as well as an attempt to rationalize
the classification of cadmium as a toxic air contaminant for the general
population. This rationalization i=s based on animal and human data
purported to prove that cadmium, per sz, 1s & carcinogen and a2 statistical

extrapolation of these data to a risk for the population of Caliernia.
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Before this process is finalized we have some comments on the data reviewed
and assumptions made that should be considered. In addition, certain new
data are made avallable for your evaluation.

The Takenaka; et al cadmium chloride inhalation study showed what could be
interpreted as a dose-response in lung tumor incidence. However, this
continuous 18-month dosing insult did not produce a dose-related effect on
time of tumor océurrence. It took 27 months for a significant tumor
response to reveal itseif. Cadmium chloride is known to increase both lung
epithelial permeability and the number of inflammatory cells in the lung.
These effects, taken together with the chemical's continual presence in the
lung without any possibility for 1lung clearance and repair probably
drastically éf‘f‘ected the study results. The .EPA draft document even states .
that "the potential of CdCls for altering the normal phagocytic activity

could explain why the investigators were able to produce such a marked

carcinogenic response.™

This brings us to the issue of threshhold with respect to the potential of
cadmium posing an inhalation carcinogenic risk to the general population at
ambient air concentrations. The DHS staff has concluded that non-
carcinogenic toxicities exhibit a threshheold and ambient airborne cadmium
will not pose a s=ignificant hazard. Both Takenaka, et al and the EPA
allude to a relationShip between lung cadmium retention, alteration of
normal nhagocytiz activity, alveolar damage with enhanced cell

proliferation and <he carcinogenic activity of cadmium chloride. Table 1 .

zives the change in lung tumor incidence with respect to decreasing dosage.
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TABLE 1
Percentage Change
Dosage Total Lung From Next Higher
(ug Cd/m3) Tumors Dose
50 25 S
25 20 20
12.5 & 70

0 0 100

As can be seen there are disproportionate changes with successive dose
halving. It thus appears likely that lower dosages cause less lung damage
(considered a threshhold event) and conseguently less lung tumors. This
would indicate that ambient airborne cadmium does not pose a carcinogenic
risk to the general population and should not be classified as a toxiec air
contaminant. The Takenaka, et al study also provides evidence supporting
the DHS staff in concluding that ambient airborne cadmium will not cause
renal toxicity since the highest exposure level only resulted in a

concentration of 34 ug Cd/g wet weight of kidney.

Data developed by Thun, et al was used by DHS staff to calculate the human
risk of lung cancer. This epidemiclogy study has been commented upon by
numerous groups (Metals Sutcommittee of the Environmental Health Committee
of EPA's 3cience advisory Board, Cadmium Council and ASARCO). I have
appended, rather than repez-ed, some of these comments. It is important to

remember that ¢his was an Hceupational, noit ambient, exposure situation;

levaels were greater than 40 ug/m3; working conditiéns varied over time with
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decreasing cadmium exposures being evident; exposures to arsenic, lead and
zine also occurred; smoking habits could have accounted for half the
incréase; urine cadmium levels supgest a highly exposed population. Taken
altogether this was a study that clearly demonstrated cadmium exposure (via
urine) in a horkforce that may not have c¢onsistently followed good hygiene
practices and whose smoking habits were retroactively surmised. WOrkplape
conditions which existed years ago can not be used %o assess risk to the
.general populétioh from ambient air exposure. It is of interest that
Lauwerys, et al, (Toxicology Letters 23: 287-9, 1984) investigating the
general populace living in industrial areas polluted by cadmium due to past
emissions from non-ferrous metal industries found increased incidences of
mortality related to nephritis and nephros%s but did not mention lung
cancer even though the cause of death was obtained for each deceased
person. This directly confirms the DHS staff position that renal effects
are the nost sensitive indicator and our position that extrapolation of
lung cancer from worker exposure to the general population is not
appropriate. Furthermore, no data from Japan suggests that non-

occupational exposure to cadmium constitutes a carcinogenic hazard.

It is important to remember that all the inhalation epidemiology studies
deal with exposures relating primarily and almost exclusively to battery
production and ore smelting. These are hardly proper surrogates for the

general population exposed to ambient air.

The lung is the most prevalent site of cancer in humans. - 3moking is a

recognized causas. The smoking histori2s in those studies purported to

implicate cadmium as a lung carcinogen are either not avallable or are
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sufficient to be considered a cause in themselves. Arsenic and nickel
exposure also confound the issue. For instance, the EPA draft states thé
following about the Thun, et al study: "Of concern in this study is the
possibility that the combined effect of increased cigarette smoking and
exposure to ‘arsenic might have served to produce the significant positive

risk of lung cancer observed in this report. This possibility is all the

more distinet because the risk of lung cancer in the study was not seen to

be overwhelming.’ A subtle combination of factors such as the ones

mentioned above could conceivably have served to produce the excess risks
found, even though such an eventuality is unlikely. Thus, although this
study cannot be said to be conclusive with respect to risks of lung cancer
from exposure to cadmium, it constitutes the most clgar-cut evidence yet
leading to this conclusion." (Emphasis added.) Moreover, this statement
appears to be at odds with a subsequent statement: "Strong evidence is
available from the Thun et al. study that the significant two~fold excess
risk of lung cancer seen in cadmium smelter workers is probably not due to.
thg presence of arsenic in the plant or to inecreased smoking by such

workers."

Any mathmatically based risk "assessment method dealing with a natural
substance that ignores biological reality is flawed. In the case of
cadmium, which is & substance that may be an essential trace element,
biologic protective mechanisms (metallothionein production) exist to bind
low 1évels and thus assist% in preventing toxieity. To =zssume linear, no

threshhold carcinogenic activity under these circumstanceg is biologically

indefensible especially when a key inhalation study involvez continuous
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exposure over an. eighteen month period under conditions which overwhelm
thg normal protective wmechanisms in the lung. The body should " be
considered to have the capacity to repair any minimal DNA damage that might
potentially cccur from exposure of the general population to‘ambient levels
of cadmium. ,The multistage model appears to assume that the likelihood of
repair is not a dose~dependent process. The DHS staff alludes to these
mechanisms though they end up stating that there is a finite probability
that one molecule can cause a mutagenic or carcinogenic effect. .Even if
this were likely, some consideration should be given to how long it would
take this one molecular hit to express itself as a cancer. If dose has any
inflﬁence ean the timing »f this process and definitive cases take 20-U40
years to be evident, then one molecule should induce a cancer long after
the normal {or abnormal) life expectancy of an individual. The étaff, in
assuming no threshhold, states that there is always an excess cancer risk
from exposure to any level of cadmium. By extension, this assumption would
mean that any compound that has caused cancer in animals, without
exception, will cause an excess c¢ancer risk in people. This is not

supported by the available evidence.

Arother point worth covering is that all cadmium compounds are not alike
wiih respect to tox;city or their absorption and distribution throughout
the body. Table 2 compares the toxicity and absorption of various cadmium
ccrpounds. Note that cadmium sulfide, cadmium selenide, and cadmium
su. phoselenide differ in acute toxicity from the other more soluble Cd
céfpounds and that CdS has a slower lung absorption in the cat and dog. In

a¢:.tion, a study (Rusch, et al, submitted for publication and attached)

Wwa: conducted comparing the acute toxicity, tissue distribution and rate of
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elimination in rats following a 2-hour inhalation exposure to cadmium red,
cadmium yellow, -cadmium carbonate and cadmium fume. An equivalent dosage
based-on cadmium content was used for each test substance. There was no
mortality in the control, cadmium red or cadmium yellow ek%posed groups.
Mortality was 3/32 and 25/32 in the cadmjum carbonate and cadmium fume
exposed groups, respectively. Cadmium blood levels indicated_that cadmium
from the cadmium carbonate and fume was absorbed to a greater degree than
cadmium from the red and yellow pigments. The majority of the elimination
of cadmium following exposure to the two pigments was via the feces, with
80% being cleared within 284 hours. Elimination was slower following
exposure to the carbonate and fume. The levels of fcadmium in the liver and
kidneys were many times higher following exposure to the carbonate and fume
than following exposure to the red and yellow pigments. It is evident that
cadmium ébmpounds,are not equivalent with respecgt to toxiecity, absorption,
distribution or execretion. Exposure to the two insoluble compounds,
cadmium red and cadmium yellow did not produce mortality and resulted in
more rapid elimination and far lower tissue levels of cadmium than was

observed following exposure to the cadmium carbonate and cadmium fume.

A recent study by Oberdorster, et 3l (Toxicologist 5(1): 178, 1985)
compared the toxicities of different Cd compounds *z rat lungs. Cadmium
sulfide had little if any effect on the mea;ured paraneters while CdCls and

Cd0 increased inflammatory cell influx and epithelial permeability.

Two other reports indicate the influence of s>lubilisy and physical state

of cadmium compounds on ‘toxicity and disposition. Aihara, et al
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(TOXiGOIOS_Y 36: 109-118, 1985) showed that a less soluble form of cadmium .
remained in the rat lung te a greater extenf. than a more soluble form with
the ‘1atter increasingly being found over time in 1liver, kidney and
intestine. Costa, et al (Cancer Research 42: 2757-2763, 1982) demonstrated
that ecrystalline CdS was actively phagocytized by cells and induced
morphologic transformation of Syrian hamster embryo cells while the
amorphous form had significantly 1less activity at equivalent exposure

concentrations and particle size.

The influence of me‘tallothionein on cadmium has been investigated. Hart,
et al (Toxicology 37: 171-179, 1985} exposed rats up to 30 times to a
cadmium acetate aerosol via a nose only procedure at a concentration of 1.6
nigfm3. Baseline cadmium lung levels rose 20-fold after 30 exposures while .

lung metallothionein increased 50-fold. Lee and Oberdorster (Toxicologist

5(1): 178, 1985) studied the fate of Cd-thionein in rat lung compared to
cadmium chloride. They showed that CdClp treated rats exhibited distinet
elinical symptoms of general and lung toxicity which was not shown by Cd-
thionein treated rats. Furthermore CdClpy was retzined in the lung to a
greater degree and was distributed to the liver while kidney was the
primary organ with Cd-thionein. Takenaka, et al found relatively high lung
cadmium levels considering that it was analyzed 13-months af‘ter: the end of
inhalation, This is especiazlly true when comparing the Takenaka study to
the work of Lee and Oberdorster, Rusch, et al, and Hart, et al. It is
obvious that the Takepaka, et al study imposed a lung burden on the rats
that bears no rela'tionship to either larger amounts given for shorter ‘

nariods or to ambient exposure of the general population.




In cohclusion, we belleve that the available animal and worker exposure
data do not present a convincing picture that cadmium is a lung carcinogen
presenting a risk to the general population of California through its

presence in the ambient air. It should not be classified as a toxie air

contaminant.

For your convenience, we are supplying copies of all references mentioned
that are not on the literature list, In addition, the title page of a CEC

document is included for completeness.

Very truly yours,

Martin E. Bernstein, Ph.D.

Manager, Toxicology
MEB:rp

Enclosure



TABLE 2

COMPARATIVE EFFECTS OF CADMIUM COMPOUNDS

Premise: All Cadmium compounds are not equivalent with respect'to
toxicity and absorption.

CADMIUM COMPOUND SPECIES | EFFECTS
cas | | Rat Oral LD, = >5 g/kg
Cdse Rat | Oral 1D, = 5 g./kg
CdCls, ' Rat Oral LD, = 88-302 mg/kg
Ca (Ac) 5 Rat . Oral LD, = 333 mg/kg
CAcCo 4 T "~ Rat Oral LD, = 438-659 mg/kg
Cd (NO3) 2 Rat Oral LD, = 397 mg/kg
cdo ' Rat | Oral 1D, = 72-296 mg/kg
Cdsoy Rat Oral ILb,, = 357 mg/kg
py €d0, cdclp, cds Dog | €40 and CdCly are more
. readily absorbed.
cd0, cds - Cat CE80 - Immediate lung effects

as well as liver and
kidney activity.

CdS - Delayed effects (24-36
hrs.) limited to lung.
Attributed to mechanical
effect of blocking
passageways due to in-
solubility and slow

absorption.
Cao Mice Acute Oral LD_ = 72 mg/kg
CdsOa Mice Acute Oral LD, = 88 mg/kg
CdCl, Mice Acute Oral LD, = 93.7 mg/kg
C& (013} » Mice Acute Oral LD, = 100 mg/kg
- cas | Mice Acute Oral LD, = 1166 mg/kg
. Cds-Cdse _ | Mice acute Oral LDsa = 2425 mg/kg

IlllllllllllllllllllIIIlIlIIIIIIlII-----------------------‘



CaiMat Co
» AAN\N

.:: F_AIR DRIVE/P O BOX S2PI0/EL MONTE. CALIFORKNIA 81734- 1210718187 307-89233 CalMat

February 12, 1986

ir. Richard Bode
ARE/Scientific Review Panel
1500 15th Street

P.0O.Box 2815 .
Sacramento, CA 95812

Re: Report to the Scientific Review Panel on Cadmium

Dear Mr., Bode:

On behalf of our California Portland Cement Company
subsidiary, I wish to comment upon the estimated cadmium emissions
from portland cement manufacturing in California, as set forth
-~ aain the January 1986 "Report to the Scientific Review Panel on
'.Qadmium". I unfortunately did not receive this Report until

ebruary 6; after the February 5 deadline for submitting public
comments. However, because the Cd emissions estimate in the
Report appears to be overestimated by at least two orders of
magnitude, I submit the following in the anticipation that
corrections can be made prior to the ARB hearing on listing Cd
as a toxic air contaminant.

On' Table III, "Overview and Recommendation” (p.7), and
Table II-1 "Sources of Atmospheric Cadmium" (p.II-5), the 1981
estimated emissions of Cd from cement manufacturing are listed
as 6.5 tons/year. Calculations of this emission rate are presented
in Appendix C {page C-4). 2an analysis of these calculations
follows:

1. California Cement Pro@ﬁction in 1981

The report states that 2.93 x 107 tons of cement were produced
in 1981. This is incorrect and overstates the production by a
factor of 3.7. Attached is the U. S. Bureau of Mines "Mineral
Industry Survey, Cement Annual Advance Summary", July 15, 1982.
Table 2 (p.4) lists the 1981 combined Northern and Southern
California cement production as 7,878,000 tons.

For the purposes of estimating emissions, however, clinker
roduction is relevant. Portland cement clinker is the inter-
mediate material produced in the rotary kiln - the egquipment from
which the emissions in guestion emanate. Portland cement is manu-
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factured by intergrinding the clinker with approximately 5% gypsum.
Table 3 (p.5) of the USBM report lists the 1981 combined Northern
and Southern California clinker production as 7,719,000 tons.

2. Tons of Feed Material

Approximately 1.6 tons of feed material to the rotary kiln is
needed to proguce one ton of clinker (not cement, as stated in
the report). Thus, the total tons of kiln feed used in 1981 to
produce clinker, by both wet and dry process kilns, was

1.6% 7.72 x 10% = 12.4 x 10% tons kiln feed

3. Total Kiln Particulate Emissions

'

All rotary kilns in California, wet or dry, are equipped with
fabric filter baghouses or electrostatic precipitators to remove
particulates from the kiln exhaust gases. Although I cannot provide
appropriate documentation, it is conservative to assume, on a
statewide average basis, that total particulate emissions from
these control devices comply with the U.S.EPA Standards of
Performance for New Stationary Sources, Subpart F, Portland Cement
Plants. The relevant standard for rotary kilns (40CFR 60.62(a} (1)) g
limits total particulate emissions to 0.3 1lb per ton of kiln feed.
Thus, total 1981 particulate emissions from rotary kilns in
California are estimated to be:

12.4 x 106 tons kiln feed * 0.3 1lb particulate . 3.71 x 106
ton kiln feed

particula

4.  Total kiln Cadmium Emissions

Similar to the methodology used by the CARB/DHS staffs for the
Chromium toxic emissions report, it is appropriate to assume that the
concentration of Cadmium in the rotary kiln baghouse/ESP particulate
emissions is egual to the Cd& concentration in the dust removed by
these control devices {(there are no data, of which I am aware, on
the Cd concentration in the directly emitted particulate).. Attached
is a copy of the US Bureau of Mines report "Charterization of U.S.
Cement Kiln Dust" (IC8885, 1982) by Haynes and Kramer. As part of
this study, 113 samples of kiln dust from 102 U.S. plants (11 in
California) were analyzed for trace element concentrations.

The trace element goncentrations in the 113 individual kiln
dust samples are listed in Table 7 (pp.13-15). As the eleven samples
from California cement plants are not separately identified, the
the concentration summary in Table 8 (p.l16) must be used. For
Cadmium, the mean concentration is 21 ag/g, or 21 ppm by weight.
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. Using this Cd& concentration and the total kiln carticulate

emissions, the 1981 Cd emissions from cement marufacturing are
estimated to be:

21 parts €d  * 3.71 x 10° 1b particulate * ton
106 parts year 2000 1b
particulates '

= 0.039 ton Ca/yr

o

Please let me know if you or the relevant staff representatives
have any questions regarding these calculations. As part of the
California cement manufacturing industry, we feel that it is
most important that the toxic air contaminant report for Cadmium,
as well as the forthcoming trace elements, reflect the best
stationary source emigsions estimates.

gipcere ’
w
e Dr. David 8. Cahn
. _ Vice Presidernt-Regulatory Matters

Attachments

cc: P. Hawkins
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Charac;terization of U.S. Cement Kiln Dust

By Benjarriin W. Haynes and Gary W. Kramer

UNITED STATES DEPARTMENT OF THE INTERIOR




MINGRAL INDUSTRY SURVEYS

U. S. DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
WASHINGTON, O.C. 20241

James G. Watt, Secretary ‘ Robert C. Horton, Director

ror information call Sandra T. Absalom, Cement, Annual Advance Summary
cement specialist, or

Riena M. Lacroix, statistical assistant,
Telephone: (202) 634-1184

CEMENT IN 1931

U.S. cement consumption and production slumped in 1981 to the lowest levels since 1975,
according to the Bureau of Mines, U.S. Department of the Interior. Cement demand, which
declined for the second successive year, reflected reduced activity in the construction
industry and general weakness in the U.S5. economy. For example, total value of con-
struction, in terms of constant (1977) dollars, decreased 3.5% to $155 billion, according

to data published by the U.S. Department of Cormerce. Housing starts decreased 16% to
1.1 million units,

Imports, a sensitive indicator of domestic cement demand, declined 247 to 4 million tons,
and accounted for 5% of consumption, compared with 77 in 1980. Clinker imports were 317..
of the total, compared with 36% in 1980. In a display of optimism for recovery in ceme.

demand, several terminals for transshipment of imported cement began operations in
California, Maine, and New York.

Shipments of portland and masonry cement from U.S. plants, excluding Puerto Rico, at 71.7
million tons, were 6% less than 1980 shipments and 16% lecs than 1979 shipments. No
regional shortages occurred during 1981. Shipments decreased by at least 5% to all
geographical regions except New England (up 1%), and the West South Central and Mountain

regions (pp 2% each). Shipments declined most severely toc the East North Central (down
13%) and Pacific regions (down 12%).

Two new plants in Alabama and Utah collectively added more than 2 million tons per year

to domestic cement production capacity in 198l. Seven other plants completed meodernization
programs that added approximately 3.5 million tons to U.S capacity. Most of these plant
expansions occurred in California, and all of them were west of the Mississippi River.

Prepared in the Division of Industrial Minerals, July 15, 1982.
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Ardsley, New York 10602-2688
Telephone 914 478 3131

. June 18, 1986

Mr, CLiff Popejoy

California Air Resources Board
1102 Q Street

P. ©. Box 2815

Sacramento, California 95812

Re: Cadmium
Dear Mr. Popejoy:

Enclosed, as discussed, is a toxicology report on studies in progress on
various cadmium campounds. These long term rodent inhalation experiments show
that different cadmium compounds exhibit dissimilar toxicity and distribution
patterns, a conclusion that can be demonstrated by comparing the groups with
similar exposure schedules.

‘:mus3 hamsters exposed to cadmium oxide for 49 weeks at a concentration of 90
ug/m” showed a similar mostality to those exposed to cadmium sulfide pigment
for 44 weeks at 1000 ug/m”, a dose which was.approximately 10 times greater.

Additionally, the distribution patterns in these two groups also showed
e Gifferences betwesn cadmium oxide and cadmium sulfide. Analysis of lung
. concentrations revealed that the cadmiwm sulfide exposed animals had about 15
times more cacdmium present than the cadmium oxide exposed animals but similar
kidney levels. This could imdicate that increased lung levels of insoluble
cadmium sulfide pigment are excreted via the gastro-intestinal tract rather
than being absorbed into the circulation and distributed to the kidneys.

Furthermore, the cadmium sulfide exposed hamsters did not have lung edema or
proteinosis which was seen in hamsters and mice exposed to lower concentyations
of cadmium oxide for shorter periods of time. In addition, the cadmium
sulfide hamsters had a lower incidence of bronchio~alveolar hyperplasia, luyg
cholesterol crystal deposits and fibrosis when the differences in concentration
and exposure time are taken into account.

According to Dr. Heinrich, no cadmium-related carcinogenic effects have been
observed in any of these experiments as of March, 1986. I will keep you
informed of any additional informatiocn on these studies.

Yours truly,

Ak /4

Martin E. Bernstein, Fh.D
Manager, Toxicology
Safety, Health & Ecology

. pop686/gn
Enc.




Inhalation Experiments in Rodents for Testing the Carcino-

genicity of Cadmium Compounds

U. Beinrich, R. Fuhst, E. Kbnig, L. Peters, F. Pott, S. Takenaka
Frammhofer Institut fiir Taxikologie und Aerosolforschung
D-3000 Bannover 61, Nikolai-Fuchs~Str. 1, FRG

Society of Toxicology, 25th Anniversary Meeting, March 3-7,
1986, New Orleans, Louisiana
Poster Session
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Preiininary Mittopatheiogictal Findinas

a) Mice, 270ug Ca/m’ 1n CAO, 11 wewxs of E£xposure » 51
Weexs Clean Ayr,

yng : lncidente

nistineytos:s EAN ]

{fosmy macrapnages)

oedema /proteInns1s 91
cholesterc)] crystals 50 %
thickened septa 61 %
{Tibrosis!

Kigneys. Liver: no expilure related changes. .

b} Hamsters. 270uc €o/m’ in Ld0, 26 Weeks of Exposure
+ 25 Weeks Clean Air.

Lung: Incidence
° 3

histiocytosis 1001 %41
(foamy magrephages)
pronchio-alveolar hyperplasia 731 a1
oedema /protesnosis 633 %
cholesterol crystils o1 S22 %
thickeners septa 43 % 281
(fibrosis)

Lignevs:
nepnrosis/amyloidnephrosis 603 601

(prbblbly not Cd :nduced}

Liver: ng exposure related changes.

¢! Hamsters, 000us f2/m' in (45, 44 wWeexs of Txvasure
« %4 Weexs Clean Air.

Lung: Inzigence
. _;_,._.;.

RiETIICYTESLS ' 10 % 100 3
tfcamy macreohages)

aronchic-dlveslar nyperdiasia 47 ¢ Bt 1
SeSEmR/DTOTRINDSIS By 0%
cnoiesterc) crystals 191 303
itnitkenhes Selld 24 1 4B 4§

(fisrosisy

Kignevs:
e ——tiraa

nephrosis/amylordnephrosis 76 % 78
{prepacly not Cd i1nguced)

Liver: nb expOsuTe related changes.

Conglusicns:

1} Np prenchic-alveolar hyperplasie is fount after
11 weeks of CA0 exposure in mice but after
26 weeks of exposure 1N hamsters.

2% Dedemz/proteincsis were not phserved in C¢5 exposed
namsters.
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California Council for
Environmental and
Economic Balance

‘512 - 14tn Strept Sactamento CA 95814 » {816) 443-8252

August 20, 19886

Mr. William V. Loscutoff
Chief, Toxic Pellutants Branch
Air Resources Board

P.0. Box 28156

Sacramento, CA 95812

RE: Cadmium
Dear Mr. Loscutoff:

The Council has reviewed the revised draft health
effects report on cadmium, and appreciates the opportunity
to submit these brief comments on several important policy
matters that are addressed in the report. We are concerned
that the health effects assessment does not accurately
reflect the range of risk that may be posed by cadmium,
because Department of Health Services’ staff has chosen to
exclude the very real possibility that there may indeed be
no risk at measured ambient concentrations.

We can understand the basis for incorporation of the
worst case policy assumptions DHS uses to emphasize the
maximum possible upper bound risk (although we believe that
risk assessments should alsc present the "most likely" risk
estimate). However, such emphasis should not exclude an
objective presentation of the very real possibility that a
threshold may exist at concentrations & thousand times
higher than the highest average concentration reported in
California. In its 18685 "Updated Mutagenicity and Carcino-
genicty Assessment of Cadmium”, EPA objectively presented
the possibility that a threshold might exist, and indicated
that under such a thresholod assumption, a constant lifetime

exposure to 10 micrograms per cubic meter would produce zero
risk.

While we recognize that the existence of a threshold
cannot be proven or disproven, the Air Resources Board needs
to know the relative weight of the evidence regarding the
plausibility of such thresholds when it is faced with making
risk management decisions. The report does not convey to
decision makers the particularly high degree of uncertainty
associated with the estimated risk for such low levels as

x




Mr. Loscutoff -2- August 20, 1986

those measured in the state. Accordingly the Jouncil recommends th.
+he health effects assessmer . be revised to state that the risk is

estigated to be zeroc to 12 cases per million persons exposed to 1

ng/m°. We also recommend that all future risk assessments contain a
similar objective presentation of the threshold model.

incerely,
L

~ 0/
Evelyn Heidelberg ]
Vice President .

E¥FH:cpr




CIBA-GEIGY Corporation Cl BA-—GE‘GY———————

Ardsley, New York 10502-2698
Telephone 914 478 3131

August 1B, 1986

Mr, William V. Loscutoff
Chief, Toxic Pollutants Branch
Air Rezsources Board

P.0. Box 2815

Sacramento, California 95812

RE: CADMIUM
Dear Mr. Loscutoff:

CIBA-GEIGY Corporation appreciates the opportunity to comment on the
June, 1986 revisions to Part B of the ARB Report on Cadmium.

Ny Your group has continued its rational approach for dealing with a

. difficult issue, namely, whether substances present in the ambient air
present a risk for the population of California. Your conclusion that
cadmium is a toxic air contaminant is based on & risk assessment made by
extrapolating data from the Thum, et al. study which purportedly demon-
strates a relationship between occupational cadmium exposure and an
increased incidence of lung cancer. A number of assumptions and con-
clusions have been made in the assessment process that require comment.

1. Thun, et al. (1983).

This study forms the basis of your assessment. It is currently
undergolng a more detalled review. This will be discussed at an
upcoming symposium, chaired by Sir Richard Doll, dealing specifical-
ly with the adequacy of epidemiologic studies on cadmium to classify
it as & carcinogen. ' We have learned that at least one person whose
lung cancer was attributed to cadmium is alsco included in another
study where his lung cancer has been attributed to asbestos. 1In
addition, a previously unconsidered confounding variable is possible
exposure to radon. The plant under investigation is located in
Colorado. To my knowledge no radon measurements have ever been made
either at the plant site or in the surrounding communities, Since
radon can cause lung cancer, this is an important factor which
should be clarified,




Threshold/Non-Threshold Concept.

This matter was discussed in our previous comments. It is
of interest that your reviewers consider negative in vivo mutation
studies as being insensitive tests as opposed to being indicative
that the body can effectively handle small doses of cadmium; i.e.,
exhibit threshold characteristics, at concentrations that might be
present in ambient air. In fact, the absence of a carcinogenic
effect in the Thun study at the two lowest doses indicates that a
threshold does exist even in the workplace and would exist for
ambient alr where exposure is a thousandfold less. According to the
authors, ""The excess of deaths from lung cancer was statistically
significant only for the stratum of workers_whose cumulative
exposure to cadmium exceeded 2920 mg~days/m~, the level corres~
ponding tg a 40-year exposure sbove the current OSHA limit
(200 ug/m~). Workers whose cumulative exposure was below the
40-year equivalent of the NIOSH recommended TWA of 40 ug/m” showed
no excess of lung cancer deaths."

Support for the concept of a threshold is derived from two other
facts., First of all, excess cadmium can stimulate metallothionein
synthesis which is known to detoxify cadmium following continuous
low level exposure (Webb, M. (1979) in "Metallothionein", RKagi &
Nordberg, editors, pp 313-20). Secondly, it is known that zinc and
cadmium interact and compete for protein and enzyme binding sites,
Your own reviewers acknowledge that zinc can reverse and/or prevent
cadmium toxicity. The Thun study demonstrated that a critical
concentration of cadmium was achieved only with the high dose
workers., This critical concentration or threshold was not reached
with the low dose workers. It would similarly not be reached by the
general population of California which is exposed to relatively low
ambient air levels of cadmium and which has zinc available in food,
ambient air and mineral supplements.

Other Considerations.
3.1 Ambient Air - Occupational Exposure Relationships.

The use of occupational health standards to obtain an ambient
air level is controversial and not uniformly accepted.
Calabrese (Regulatory Toxicology and Pharmacology 6: 55 - 9,
1986) has stated, however, that "the methodolopy of dividing
the TLV by 420 is consistently more conservative or protective
than that derived from actual data". The ACGIH TLV for cadmium
is 50 ug/m”; dividing by 420 gives a safe ambient air level of
120 ng/m~. Adoption of this value would provide a 3-fold
safety factor over the "hot spots" and an approximate 50-fold
safety factor over average (alifornia ambient air.




3.2

3.3

Dose Rate - Total Dose

At least one carcinogenicity study compared the relative
effects of dose rate versus total dose (Littlefield, N. A. and
D. W. Gaylor, J. Toxicol. Envir, Health 15: 545 - 50, 1985).

In this study, it was found that "when the total doses were
similar, the higher dose rates for shorter time periods induced
a higher prevalence of tumors. Those groups dosed at higher
rates but for fewer months had a generally higher prevalence
than those receiving similar total doses but at lower rates for
more months".

Certain cadmium inhalation studies in the rat also show the
influence of dose rate. O0ldiges & Glaser (Trace Elements in
Medicine 3: 72-5, 1986) administered cadmium oxide continuously
to Wistar rats for 22 hours/day, 7 days a,week for either 218
or 324 days at a concentration of 90 ug/m~. Exposure had to be
terminated at this point because 12/40 animals had died. 1In
the context of the interaction between zinc and cadmium dis-
cussed earlier, it is of interest that this concentration of
cadmium oxide did not cause any mortality in 40 rats exposed
simultaneously to zinc oxide for 374 days. In contrast, in a
study by Kaplan, Blackstone & Richdale (ERDA Symp. Ser. 42,
77-97, 1977), Sprague-Dawley rats tolerateg exposure to cadmium
oxide at a concentration of about 300 ug/m~ for 7-8 hours/day,
5 days/week for 9~13 months without any reported mortalities.

Effect of Smoking

It is acknowledged that cigarette smoking can contribute to the
body load of cadmium. Post, Johansson & Allenmark (Environ.
Res. 34; 29-37, 1984) autopsied 5 male heavy smokers between 65
and 78 years of age within about 3 days postmortem. They
measured cadmium levels and degree of protein binding in the
lungs, liver and kidneys. They found that human lungs contain
a low molecular weight protein which binds cadmium and which
appears to be similar to that found in the liver and kidneys.

A lesser degree of cadmium binding was seen in the lungs
compared to liver and kidneys.




‘R.c
£

Extrapelation

The extrapolation of animal studies to estimate human risk
requires sophisticated statistical procedures and many
conservative biological assumptions. Therefore, the use of
human data is always preferred in estimating human risk.

Thus, it is of interest that methods for species extrapolation
were used with the data from the Thun, et al. human epidemi-
ology study, which demonstrated a purported d effect group
(high-dose), a no~effect group {(low-dose), and an intermediate
effect group (mid-dose). Extrapolation should not be necessary
for an adequate human study which demonstrates a no-effect
level, particularly at a dose many times higher than ambient
air concentrations.

In summary, we have presented our rationale for not considering -
cadmium as a toxic pollutant at ambient concentrations. Our reasoning is
based on the facts that data exist showing that human lung tissue con-
tains a cadmium binding protein considered to be metallothionein,
Metallothionein is known to detoxify cadmium at continuous low levels of
exposurz. Zinc can also reverse and/or prevent cadmium toxicity. Animal A
studies have clearly demonstrated that different responses to inhaled .
cadmium exist and are related to a concentration-time response. Human
epidemiology studies have shown that a toxic dose rate is many orders
of magnitude higher than what the general population of California could
experience at ambient air levels of cadmium. We contend, therefore, that
no basis exists for classifying cadmium as a toxic air contaminant at
ambient air concentrations nor is there substantiation for being "unable

to identify a level below which adverse health effects are not expected
to occur.”

I have enclosed one copy of each article mentioned.

Yours truly,

Martin E. Berunstein, Ph:D

Manager, Toxicology
MEB7/21/vk
Encs.




iortality Among a Cohort of U.S. Cadmium

roduction Workers—an Update

I . Thun, M.D., M.S.,2 Teresa M. Schnorr, Ph.D., 2 Alexander Blair Smith, M.D., M.S., 2
. . Haiperin, M.D., M.P.H., ? and Richard A. Lemen, M.S. 23

ISTRACT—A previous retrospective moriality stugy of 282 U.S.
dmium production workers employed for 8 minimum of 2 years
owed increased morahly {rom respiralory and prostate cancer
d from nonmalignant lung disease. To exasmine {urther the
prtahty experience of these workers, investigators from the
itiona! institute for Occupational Safety and Health extended the
udy 10 inctude 602 white males with at leest & monihs of
oduction work in the same plant between 1940 and 1969, Vital
atus was determined through 1878, which included the addition ot
years 10 the origina! foltow-up. Cause-specific mortality rates tor
et causes of death potentially related to cadmium exposure
ere compared between the overall cohort ang U.S. white males
nd between subgroups, Mortality from respiratory cancer and from
onmalignant gastrointestinal disease was significantly greater
mong the cadmium workers than would have been expected trom
1.S. rates. All geaths from lung cancer occurred among workers
mployed for 2 or more years. A statistically significart dose-
esponse relationship was observed beiween lung cancer mortality
nd cumulative exposure 1o cadmium. A 50% increase in lung
.ancer mortality, which was not statistically significant, was
oserved even among workers whose ctumulative exposure to
:admium was between 41 and 200 ug/m? over 40 years. Since the
e SuS investigation, no new deaths from prostate cancer and no
e deaths from nonmalignant respiratory disease have been
i ~JNCt 1B8E; 74:325-333.

In 1976, Lemen et al. (I) published the resulis of a
siudy on cancer mortality among cadmium production
workers at a U.S. cadmium recovery plant. Using
national white male rates [or comparison, Lemen et al.
reporied a statistically significant excess of deaths from
respiratory cancer (Obs=12; SMR =235, from nonmalig-
nant respiratory disease (Obs=8; SMR=159), and,
among workers with 20 or more years since first employ-
ment, from prosiate. cancer (Obs=4; SMR=452). The
Lemen study included only hourly workers emploved for
2 or more years hetween January 1, 1940, and December
31, 1968, and {ollowed these workers through 1973.

A number of previous epidemiologic and experimental

studies had suggesied that cadmium might cause cancer
of the prostate. Two occupational reports (2, 3) described
excess mortality from prostate cancer among cadmium
workers at a2 small British alkaline battery plant. Cad-
mium, like zinc. is known 10 concentrate in the prostate
gland (4-5). Numerous toxicologic studies (6-13) have
shown that injection of cadmium metal or salts into
laboratory rats produces sarcomas locally and more

\n( interstitial cell tumors of the testes. On the basis
Lﬂe findings. the 1ARC (J4) concluded in 1976 that
" pational exposure to cadmium in some form

(possibly the oxide) increases the risk ol prostate cancer
in man." Substantia) controversy continues, however,
and although severa] subsequeni epidemiologic studies
(15-18) have found inceased morality from prostaie
cancer among occupational groups, other studies (19-27)
have not.

Still more controversial is the possible relationship
between cadmium and lung cancer. At the time of the
IARC working committee, only the Lemen et al. (1) study
had found excess mortality from respiratory cancer.
Interpretation of that study was complicated because
some of the long-term workers in the cohort also had
been exposed to arsenic during the 1920’s when the plant
funcuoned as an arsenic smelter. Concern about the
potential carcinogenicity of cadmium to the lung has
increased, however, due 10 recent animal data. Takenaka
etal. (22) exposed rats continuously to cadmium chloride
aeroso) and found a dose-dependent increase in lung
tumors at exposure levels well within the current
occupational limit

Because of continuing concern about the effects of
chronic cadmium exposure on mortality, NIOSH has
exiended the [ollow-up of the cohort first described by
Lemen et al, (J). The present report describes the
mortality experience of the group through 5 additional
years of observation, ending Decernber 31, 1978. In

ABBREVIATIONS Lsep: Cl=confidence intenval; Exp=expected; HIS=
Health Interview Survey; IARC=Iniernauional Agency for Rescarch on
Cancer; 1ICD=International Classification of Disease; NIOSH=XNa.
tional Institute for Occupauonal Safety and Heaith; NMGID=nou-
malignant gasuoimestinal discase: Obs=cbserved; OSHA=0Occupa-
tional Safety and Health Adminisuation: PEL = permissible exposure
limii; PY=person-years: PYAR=PY at risk of dving; SMR =standard-
ized moraality ratio(s): SRR=swndardized rate rauols;; TWA=lime-
weighted average.

| Received April 16, 1984; accepted Augusi 20, 1984

? Robert A. Tali Laboraiory. Industrywide Studies Branch. Division
of Sumnveillance, Hazard Evaluations and Field Swudies, Nauonal
Institae for Occupational Safety and Health, Public Health Service,
1.5, Depariment of Health and Human Services, 4676 Columbia
Parkway, Cincinnau. OH 45226,

$we thank Dr. George Hutchison, Dr. karl Shy, and Dr. Philip
Enterline {or their advice in the analysis and interpretation of the daw.
D:. Thomas Smith for his guidance in estimating exposures, and Dr.
Lvnne Moody for her epidemiologic and editorial counsel. We also
acknowledge the dedicated foliow-up efforis of Mrs. Edith Dodd, Mrs.
Cloninds Bataglia, Ms. Judy Edelbrock, Ms. Man Hogan, and then
staffs and the excellent assistance in manuscript preparation by Ms
Fran Guerra.
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addivon, to allow for iniernal comparisons, the study
population was expanded 1o include 257 workers with
brief {€-23 mo; employment and more complete ascer-
winment of workers with 2 or more years of employment.
The 10ta] study population includes 602 white males.

BACKGROUND

The industrial plant under study has refined cadmium
metals and cadmium compounds since 1925 It func-
uoned previously as an arsenic smelter from 1918 1o 1925
and as a lead smeiter from 1886 1o 1918. Although some
cadmium processing operations were begun prior 1o
1925, the primary funcuon of the plant for more than 50
vears has been to recover cadmium and a number of other
trace metals from “bag house’ dust, a2 by-product of lead
smelting. The facility is unusual in having a prolonged
period of operation, with workers exposed predominantly
to cadmium.

The industrial process recently was described by Smith
et al. (23;. Cadmium enters production principally as
cadmium oxide dust (agglomerated fume). In a series of
10 physically isolated work areas, it is roasted, mixed
with acid 10 form a cake, calcined, dissolved in water,
recovered electrolyvucally, and treated further 10 produce
cadmium oxide, metal, or vyellow cadmium pigment. Air-
monitoring data collected by the company from ihe
1940's to the present show that exposures differ sub-
stantially among deparuments and -over time. Exposures
have decreased over time due to the introduction of
ventilauon conuols and 10 a mandatory respirator
program inuoduced in the 1940's. Smith et al. (23)
estimated the inhalation exposures that occurred in
various departments (table 1). These estimates were based
upon historical area monitoring data, adjusted 10 reflect
the actual exposures of workers wearing respirators (24).
Area-sampling data were first adjusted (o reflect personal
sampling, based on the ratio between area samples and
personal exposure measurements from 1973 to 1976. For
those departments and calendar periods in which workers
wore respirators, the estimaties ol personal exposure were
divided by 8.9, the geometric mean respirator protection
factor measured in a survey at this plant in 1976 (21).

Also reflecting exposure are measurements of urine
cadmium which the company obtained periodically on

production workers since 1948, Urine samples were
" analyzed by colorimeuic extraction until 1966 and

subsequently by atomic absorplion spectroscopy Com-
pany records contained urine cadmium measurements for
26] members (43%) of the present cohort. These data are
absent or extremely sparse for workers who left empiggll
ment before 1960 and are representative only of prod
uon wc iers emploved beyond [1960. Text-{figure 1 shows
the disiiibution ol the median urine cadmium levels.
These urine levels suggest a highly exposed population.
They provide an index ol group exposure but cannot be
used 10 measure individual exposure because of the small
number of samples {or most workers (median of 2
samples “person; range, 0~79). '

Few data are available on exposures other than
cadrmium at the smelier. Small quanuines of high-purity
lead, arsenic, thallium, and indium are produced sporad-
ically by a few individuals in separate buildings. Some
arsenic is evolved during cadmium recovery. An indus-
irial hygiene survey conducted by NJOSH in 1978 found
0.3 and 1.1 ug arsenic/m? in the pre-melt depariment
and 1.4 ug arsenic/m? in the relort depariment (1 ). These
levels are substanually below the current OSHA 10
pg/m® PEL time-weighted average.

METHODS

The study population was defined from employment
histories as recorded in the company personnel files.
These records consist of a card for each employee and
show the name, date of birth, social security number
(since 1937), date of employment, date(s) of interruption
of emplovment, and, in most cases, deparument s
general work area for each period of employment. ‘.
records included retired and deceased as well as acuv
employees. We enumerated all hourly emplovees and

foremen who had worked a2 minimurm of 6 months in a
production area of the plant between Januarv 1, 1940,

and December 31, 1969. The requirement of production-

area emplovment excluded several guards, office workers,
and office area janitors who had been included in the
Lemen et al. study (7). We also included production area
foremen and a number of laborers whose records had
been missing or whose employment histories had been
inaccurately recorded and who thus had been omiucd_

TABLE 1 —Estimates of cadmiwn inkalation exposures, by plant department and time period®

Cadmium inhalation exposure. mg'm . in:

;’ei:?oed Plant depariments: Offices’ apd
Sampling  Roaster  Mixing  Calcine  Solution h];trslﬁ' Foundry  Retert  Pigment laorataories
Pre.1930 10 1.0 1.5 15 0.E 0.04 0.8 1.5 0.2 0.02
1850-54 06 0.6 0.4 15 0.8 0.04 0.1 0.2 0.2 0.01
165558 08 0.6 0.4 15 0.4 0.04 0.1 0.2 0.04 0.01_
196064 06 0.6 04 04 0.4 0.02 0.1 g2 0.04 0.00:
196576 0.6 06 0.4 0.15 0.0 0.02 0.04 0.2 0.04 0 007

?Diata from Smith et al. (24).

‘Office estimates 2i50 were ysed for nonplant areas that were nol mezeured directls. e.g., areas patrolled by the plant g'uardl.

*Tank house esiimales also were used for nonproduction plant departments that were not measured directly, e.g.. the repair shOp'.
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Trxv-pGurr I —Cumulative distribution of median
unne cadmium levels among 26! members of the
cohort with at least one unne admium measure-
mrni. The median unine cadmium, in micrograms/
liter, was computed lor each worket for whom urine
samples were available.
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rom the Lemen cohort. N1OSH identilied the cohort
tointly with a representative {rom the company and
reviewed the list with senior union officials.

For each worker, cumulative exposure to cadmium was
calculated according 10 length of employment and jobs
within the plant. Because many of the personnel records
specified general work categories rather than single
departments, we categorized each period of a worker's
emnloyment into one of 7 broad job categories; e.g.,
c-gllary | included production work in any of 6 **high’-
ef\Qrc departments. including sampling, roasting and
bag house, mixing, calcine, foundry, and retort. Category
2 included production work in the solution, tank house,
and pigment departments. The average exposure to
airbome cadmium for each of these compasite categories
was calculated on the basis of the industriz] hygiene data
in table 1 (23), with each department contributing 10 a
weighted average according to the proportion of workers
usually emploved there. Each worker's cumulative expo-
sure over time was computed as the sum of the number of
davs worked in a given job calegory multiplied by the
average inhalation exposure of that category for the
relevant timne period. Cumulative exposure was expressed
in milligram davs per cubic meter (mg-days/m?).

The vital status of al] workers in the cohort was
delermined as of December 31, 1978. Follow-up pro-
cedures used the records of the Social Security Administra-
‘ton, of the swate wvital statstics offices, and of the
company and union and direct telephoning. Death
certificates were obtained for persons known to be
deceased and were coded by a qualified nosologist
according 1o the protocol of the ICD revision in effect at

the time of death. The codes were subsequently converted
to the seventh revision codes for the analysis (25). Under
the rules of this and subsequent revisions, cancer is coded
- he underlving cause of death if the immediate cause of
1s "unmistakably a direct sequel of " the malignant

ve, Deceased workers for whom no death certilicate

372
T

has vet been located were assumed dead on the date
specified by the reporting agency, with cause of death
unknown. Persons lost Lo foliow-up were assumed (o be
alive—which might possibly result in overestimation of
cause-specific expected deaths.

The mortality experience of the cohort was analyvzed
with the use of a modified life-table system developed by
NIQSH (25). In this system, a worker accumulates PYAR
upon completion of the eligibility period (in this swudy,
at 6 months of employment). The PYAR are specific for
5-year age groups, calendar periods, and years since first
employment (latency). An expecied number of deaths is
calculated by multiplying U.S. white male death rates by
the corresponding age and calendar-year PYAR cate-
gories. The resulting quantities are summed over all ages
and vears to obtain the total expected numbers. The
observed numbers of cause-specific deaths are compared
with the numbers expecied. The ratic of observed-to-
expected deaths multiplied by 100 is expressed as the
SMR.

In the initial analysis, in which mortality in the
cadmium workers was compared to that of the general
U.S. white male population, the causes for which excess
mortality or morbidity were observed in previous siudies
of cadmium workers were considered a priori 10 be of
particular interest. Those of central concern included
deaths from prostate and lung cancers {J, 20} and from
nonmalignant respiratory and renal diseases (6, I5, 16).
Other conditions for which a priori concern has been
raised inciude hypertension (6, 26) and renal cancer (27}
Morality from NMGID also was examined because of
the acute gastrointestinal toxicity of cadmium and
because of reports of chronic gastritis and gastrointestinal
uiceration (28-30). Although in each case cadmium is
suspected of causing an excess of mortality, we present
95% CI. corresponding to a two-sided alpha level of 0.05,
throughout this paper. Where the 95% Ci includes the
null but the 90% does not, we present both. Cl were

JNCI VOL 74, NQ. 2 FEERUARY 1985
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Tag.t 2 —Vatal stgtur of white male cadmivm production
workers by emplowment durgtion

ey - -

i Workers. No. (%) emploved:
Worker status

623 mo 2~ yr Total
Alive 189 (74 2221464 411469
Dead &0 (23, 116135, 179 (29,
Lostw Toliow up E (3 dih 122
Total 2575 345 602

calculated with the use of Fisher's exact CI (if etther the
observed or expected was less than 10, or approximate Cl
(1 observed or expected frequencies were 10 or more) (37 ).
For selected causes of death we examined moriality in
relation 10 cumulative exposure to cadmium. For sub-
group comparisons we used the direclly siandardized
SRR as the measure of eflect (32). To compute these, the
age-specific and calendar ume-specific rates of the
subgroup were muluiplied by the corresponding PYAR
cells of the standard population—here the PYAR distri-
bution of the overall cadmium cohort. The results were
summed to vield the expected number of deaths that
would occur in the overall cohort were the rates of the
subgroup to apply. This wotal number of expecied deaths
was divided by the 1otal number of PYAR in the overall
cohort to yield a direcily standardized mortality raie. The
ratio of this rate 10 the standardized rate for the overall
cohory, if U.S. age, sex, race, and calendar-period rates
applied, yielded the SRR. '
To analyze morality by cumulative exposure, we chose
the exposure categories a priori, on the basis of current or
proposed regulatory standards and on the assumption
that such standards are intended to protect a worker over
a 40-year working lifetime; e.g., 40 years’ exposure to
cadmium at or below the current NIOSH proposed TWA
of 40 ug ‘m*® would result in a curnulative exposure of up
10 584 mg-days/m®. Forty years' exposure to cadmium at
levels abave the current NIOSH TWA, but within the

a

TEXT-ROGURE 2. —Cumulauve disiribution by vear of
lirst employment for cadmium production workers
inclhuded 1n cohoru
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current OSHA 200 gg'm' PEL. would result in a
‘cumnulative exposure of up (o 2.9720 mg-days/m®.

RESULTS

Because of the small number ol nonwhites and [emales
{votal=13) in the cohori, we restricied the analysis o the
602 white males. Table 2 shows the vital status of these
waorkers, by duration of employment, as of December 31,
1978. Of these, 411 were alive, 179 were dead, and 12
{2.0%) had unknown vital status; 43% had been employed
for less than 2 years. _

Text-figure 2 shows the distribution of the cohort by
year of first employment. Twotthirds of the individuals
had staried work before 1949 and thus could be followed
beyond 30 years. Nearly 83% had over 20 years of
follow-up.

Table 8 compares the number of cause-specific deaths
among the overa)} cobort with the number expected,
based on U.S. rates. A deficit was observed in mortality
from all causes (SMR=95; 95% CI=E8}-110), due 1o a
deficit in diseases of the circulalory syvstem (SMR=65;
95% CI=49-85). Significantly increased moriality was
observed for respiratory cancer and NMGID. The excess
of nonmalignant respiratory disease was not statistically
significant in the overall cohort.

Twenty deaths were due to respiratory cancer, all
among workers with over 2 years' employment and all
due 10 cancers of the lung, tachea, and bronchus.
Expecied deaths were 11.43 in this more specific subgroup
{ICD code 162-163}, which was subsequently called lung
cancer. Two of the deaths from lung cancer were inidally
miscoded as being due 1o other causes. Inasmuch as th
immediale causes of these 2 deaths were unmistakabl?
direct sequels of malignant conditions, the deaths were
recoded to lung cancer in accordance with the rules of the
JCD Seventh Revision. Analysis that excluded these cases
yielded an SMR for lung cancer of 157 (18 Obs vs. 11.48
Exp; 95% C1=93-249; 90% CI=102-234).

20 yrs. of follow-up i82.5%

-

30 yrs. of lollow-up 1€5.3%¢
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Mortallty in Cadmium Workers

TaaLe 3 —Mortality fron sclerted caunes of death among white males unith 6 or more months of codmium. production vori 1SL6-68

Cause cf desth ICI?.‘ .ﬂh No of deaths SMR 834, C]
revision Obs Exp
.ah;’mnl neoplasm 140-199 4] 36.46 112 £l-153
Digestive sysiem 150-159 7 10.85 65 26-123
Respiratory sysiem 160164 20 12.15 : 165 101-2:4
Genitourinary tract 177182 6 445 135 48-203
Lymphatic snd hematopoietic 200-205 3 337 ] 17270
tissues ] ‘
Other unspecified neoplasms 5 5.64 g8a 29-207
Diseases of the circulatory system: 400-468 56 85.68 . 635 49-B5
Heart disease '
Nonmalignant respiratoty diseases 470493, 16 10.37 154 g8-251
500~-527
Acute infections. influenza. 470~493 7 4.47 157 €3-223
preumonia
Other respiratory diseases 500~527 9 5.90 153 65-290
NMGID 540~543. 8 235 383 195727
560-561.
570
All other causes _ 57 54.01 106 E0-137
All causes of death —_ 179 188 B7 95 £1-110

Of the € deaths {rom genitourinary cancer. | was dueto
renal cancer (vs. 0.92 Exp), 2 to cancers of the bladder and
other urinary organs (vs. 1.10 Exp), and 3 10 prostate
cancer (vs. 2.20 Exp). No new deaths from prostaie cancer
were observed since the Lemnen et al. report (I).

One of the original prostale cases was a plant guard
who was excluded from this cohort because he had not

r had prostate cancer listed as a contributing cause
or teath but could not be included in this analysis
because prostate cancer was not listed as the underlying
cause of death. The remaining 3 deaths from prostate
cancer had occurred among workers with 2 or more years
of emplovment and 20 or more years of observation (vs.
1.4] Exp; SMR=213; 95% Cl=#4-622),

Sixieen deaths occurred due 10 nonmalignant respira-
tory disease; 7 of these involved workers emploved for less
than 2 vears. The death certificates of 3 workers men-
tioned silicosis. Silica exposure may have occurred from
work with refraciory brick in furnace areas of the plant
but is undocumented. One of the workers whose cerifi-
cate mentioned advanced silicosis had been employed for
only ] vear, suggesting thai the exposure had occurred
elsewhere.

We noted 9 deaths from NMGID, excluding cirrhosts.
The death certificates of 6 of these suggested peptic ulcer
disease. Most of the deaths from NMGID were of long-
term emplovees, whereas 5 of the 6 deaths attributed 10
cirrhosis involved shori-lerm workers.

No excesses were noted for deaths auributable 10
hypertension (3 Obs; 3.22 Exp) or to nonmalignant renal
disease 11 Obs; 1,85 Exp). A single death certificate listed
renal disease as the underlying cause of death [death had
bren due 10 acute nephritis {1CD code 590,). and 4 other

\icates listed nonmalignani renal disease as a contrib-
g cause of death. No comparison rates were avail-
able for analyvsis of these contributing causes of deaih.

Q:-d 6 months in a production area. Another deceased

Arsenic Exposure

Substantial arsenic exposure occurred throughout the
plant during the vears 1918-25 when the facility func-
tioned as an arsenic smelier. Because arsenic is a known
risk factor for lung cancer (33), we straufied the cohort
inio workers emploved before and those first emploved
on or after January 1, 1926. We then compared morality
from lung cancer among each of these subgroups with
that of U.S. white males (table 4). Lung cancer mariality
was significandy elevated among persons hired prior o
January 1, 1926. Among workers hired afier that daie, the
excess of lung cancer deaths was staustically significant
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among workers employed for 2 or more years. When the 2

initially miscoded deaths from lung cancer are excluded
from this analvsis, morwality from lung cancer remains
statisticaliy above that expected both for workers hired
prior 1o 1926 (Obs=3$; Exp=10.56; 95% CI=110-1565) and
for workers with 2 or more years' emplovment who had
been hired afier 1926 (Obs=15; Exp=7.0; 95% CI=
120-353).

Mortality by Cumulative Exposure 1o Cadmium

Tables 5 and 6 present data on mortality from lung
cancer and NMGID in relauon o cumulative exposure o

TaBLE 4-—Mortality from lung eancir (ICD 1£62-163) in
white male cadminm production worzery, by dato of hive

Ne-of
Worker employment suatus deathi  sMP  95% CI
Obs Exp
Hired prior to January 1. 1926 4 056 T4 1951829
Hired on or after January 1. 1926 o
Overall eohort 16 1087 137 B4-229
20 vears employment 16 .00 224 1381-371
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cadmium. Only the 576 workers hired on or alter January
b 1926, are included in these analvses. Lung cancer
morialiy increased with increasing cumulative exposure
to cadmium, and this trend was apparent both in the
SRR and the SMR. A similar patiern was seen when the
analvsis was restricied 1o workers with 20 or more vears
since first exposure. The regression siope for the SRR for
lung cancer (able 3) was 7.33X107° (P=.0001). The
excess of deaths from lung cancer was statistically
significant_onlv {or ihe suiratum ol workers whase
cumulauve exposure 1o cadmium exceeded 2,920 me-
days’m’, the level correspanding 10 a 40-veay exposure
above the current OSHA limit (95% CI for the SMR=
113-5%7). In a separaie analysis (not shown}, workers
whose cumulative expasure to cadmium ranged from 293
to 384 me-davs/m* showed an SMR for lung cancer of
100 and an SRR of 0.96 This level of cumulauve
exposure 15 equivalent 10 40 vears’ exposure 1o airborne
cadmium at levels between 2] and 40 pg/m?. In contrast
10 115 relationship with cumulative exposure, the excess
of lung cancer mortahy did not increase with leneth of
emplovment bevond 2 vears. Workers emploved for 2-9
vears, 10-19 vears, and 20 or more years all showed
approximately twice the number of deaths from lung
cancer as expectled from the U.S. rates. _

Only 6 deaths from NMGID occurred among workers
hired since 1926. A statistically significant upward trend
was evident in the SRR when morwlity from NMGID
was analyzed by cumulative exposure (slope =2.78X1077%;

P=.014). Because of the small number of cases of

NMGID, these estimates are less stable than those for
lung cancer. Three additional deaths froms NMGID
occurred among the 26 workers hired before 1926. If
arsenic were unrelated to NMGID, these deaths would
increase further the observed mornality in the high-
exposure, long-term employment subgroup.

A similar analvsis of deaths from nonmalignant
respiratory disease was not performed, inasmuch as this
study found no significant excess of deaths from this
cause either in the overall cohort or among workers with
2 or more vears of emplovment. An excess of deaths in
this caiegory was apparent, however. among workers
emploved for 6 months 10 2 years (Obs=8; Exp=3.2;

TaBLE 8 —Lung cancer (1CD 162-163, mortality, by cwmulative
exposure to cadmium: White males hired on or
after January 1, 1926

Curnulative

40-yr TWA , No. of
exposure. . + PYAR SMR SRR
me-days m' eguivalent deaths
384 Sidugm’  T003 2 53 0.48
H8-2.92¢ 41-200 ug'm 5.E25 T 152 1.35
=281 2200 wg m’ 2214 T 280 345
U8 white male: —_ — 100 1.00

“The TWA that over & 40-vear working lifetime would result
in the incicated cumulative exposure .

"Exciusion of the singie worker hired after 1926, whose death
frorr [unp caneer was iniuslly miscaded. reduces the nomber of
observed deaths in this siratum w0 6 and the SRR o 1.34.
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"TABLE 6.—~NMGID {ICD 5i0~438, 560~61, and 370) mortality. by
cumulalive erpocure {o airbarne cadmium: White malex hireg o»
or afirr January 1. 1826

Curmulative - \
exposure,  ADNTTWA pyap Mo ST gyk o sen
me-davs'm' eguivalen eBths .
<bR4 <40 ug'm’. 7.005 2 300 4k
585-2.92C 41-200 yg'm' 5825 1 112 i0
=2.921 =200 pgim’ 2214 3 582 113
U.8 while maies _— _ 100 100

*The TWA that over a 40-y7 working lifetime would result ir
the indicated cumulative exposure.

SMR =249; 95% Cl=108-491). One of these deaths was
attributable 1o silicosis.

DISCUSSION

The findings of principal interest in this study were the
increased moruality from lung cancer among worker:
emploved for 2 or more years and the dose-response
relationship between lung cancer moruality and cumu-
lative exposure 10 cadmium. The excess of malignant
respiratory disease, noted previously in this cohort by
Lemen et al. (1), has continued during the expanded
observauion period. Eight new deaths from lung cancer
have been idenufied. The excess of deaths from respira-
lory cancer among workers with 2 or more years of
emplovment continues 1o be statistically significant (new
cases=8; Exp=2.94; SMR =272; 95% Cl=117-536). Fur-
thermore, because national death rates for respiraigme
cancer overestimate regional (State of Colorado
Denver County) rates by 10~25% (34), the measured excess
of lung cancer deaths among longer-term employees
probably underestimates the actua) increase.

The observed excess of deaths from respiratory cancer
could be due 10 a true causal relationship between
cadmium and Jung cancer, to bias (the effect of uncon-
trolied confounding), or 10 chance. Cigarette smoking
and exposure 10 arsenic are two extraneous {actors which,
il uncontrolled in the analysis, could explain the {ind-
ings. Although the tobacco smoking habiis of these
cadmium workers were not recorded al the ume of
employment, company representatives did collea infor-
mation on past tobacco use by mailing a questonnaire to
members of the cohort in 1982 (35). Interviews with
approximately 70% of survivors or next of kin showec
that 77.5% of those for whom information was gathered
were current or former smokers, This prevalence of "ever
smokers™ resembles the 72.9% prevalence noted among
U.S. white males, age 20 or over, in the 1965 HIS (3¢..
The 1965 HIS is perhaps the best source of informauon
on the smoking habits of the general population during
the observation period of this siudy. Using the 1935
survey data. one can estimate the effeci that disproporiion-
ately heavy smoking by the cadmium workers would
have on lung cancer mortality relative to that of the
general population.Computations developed by Axi
(37) and Blair and Spiritas (38}, combined with th
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ta. show that even an assumed doubling of the
oportion of heavy smokers will have oniv a small effect
i the rate ratio for Jung cancer; e.g., if 407 of the
dmium workers smoked more than 25 cigarettesdav,
" d to 20% of the 1965 white male gcneral
2, .an the rate ratio would increase only 1.25-fold.
husTigarene smoking alone is unlikelv 10 account for
¢ twolold-to-threelold increase in deaths from lung
ncer observed among workers in this cohort who had
id 2 or more years of ernployment.

Substaniial and widespread arsenic exposure occurred
nor to 1826 when the plant operated as an arsenic
nelter. The rate of lung cancer morality among the 26
orkers emploved before 1926 was nearly six times the
.S. rates. Even after 1925, a small and unspecified
amber of workers occasionally processed arsenic in one
‘ea of the plant. This was an intermitient operation,
sparently staffed by workers from the roasting area, and
sted into the 1930's. A second and continuing source of
cposure involved workers in the sampling, mixing,
»asting, and calcine furnace areas of the plant who were
«posed 10 arsenic contamination from the incoming
-¢d material. Only six industrial hvgiene measurements
‘ere made in these areas belore 1975, 1n 1950, airborne
rsenic concentrations ranged from 300 to 700 ug’m?
ear the roasung and calcine furnaces. the areas of
1ghest exposure. Measurements bv the company and
YSHA in 1979 show that arsenic exposures in these areas
ad decreased to about 100 ug ‘m®. Although air levels of
rsenic in this confined area were still 10 times higher

7. 2he legal OSHA threshold limit value of 10 pe 'm?,
< ersonal exposures were lower due to respirator
sag®®One can estimate the number of lung cancer

eaths potenually auributable 1o arsenic by assummg a)
n average airborne arsenic exposure of 500 ug- ‘m? in the
‘high-arsenic” work areas during the vears of this study,
'} a respirator protection facior of 73% (similar to that
ssumed for cadmiurn‘r, and c¢) an estimated 20% of PY of
xposure spent in high- -arsenic jobs. an estimate based on
>ersonnel and biologic monitoring data. On the basis of
hese assumptions, the av erage airborne arsenic exposure
f persons in. this siudy would have been 25 gg-'md.
nasmuch as the 576 workers hired after 1926 were
'mploved an averags of 3 vears, thev acquired 1,728 PY of
'posure 10 23 pg m°. Such an exposure should resultin
10 more than 0.77 lung cancers. on the basis of a risk
1ssessment model for arsenic developed by the OSHA
v

Although the estimate of an average air exposure 10
irsenic of 25 pg m® rests on teveral assumptions, it is
more likelv 1o overestimate than 1o underestimate actual
ssposures, Only a [raction of jobs in the high-zrsenic
areas invoived exposures as high as those ol the furnace
arzas. High-expasure jobs in the roasier area were
[reguentiv staf{fed by entrv-level workers. many of whom
worked fess than 6 months. These verv shori-term
worlers with brief but high exposure were excluded from
(! sriality ssuds, ver they were included in our
est e of 20% of PY of exposure spent in high-areenic
jobs. In addition. urinan arsenic levels measured on

MOranty In Cagmiuim wWorkers

workers in the high arsenic areas from 1960 10 1980
averaged onlv 46 ug/liter, a leve] consistent with an
average inhaled arsenic concentration of 14 ug/m*® (40).
Thus the assumption of an average mhalcd concentration,
of 125 wg‘m® (25% of 500 ug/m') over these years
overestimates the actuzl exposures by nineflold, more
than compensating for the unquantified higher exposures
during the early years. Arsenic alone does not appear 1o
explain the observed excess of deaths from lung cancer.

The central finding of the study was the observed dose-
response relationship between mortality from lung cancer
and cumulative exposure to cadmium. Previous epide-
miologic studies of cadmium workers have had insuffi-
cient industrial hygiene data to estimate cumulative
exposure. The sirong dose-response pattern observed in
this study is consistent with a cusal relationship
between cadmium and lung cancer. It also suggests that
the current OSHA occupational standard, limiung expo-
sure 1o cadmium dust to 200 pg/m?, is inadequate to
protect workers over a 40-year working liletime. Workers
whose cumulative exposure was below the 40-vear equiva-
lent_of _the NIOSH-recommended TWA of 40 pg/m’
showed no excess of lung cancer deaths, whereas workers
whose cumulanve exposure was within the current
OSHA limit but above the NIOSH recommended limit
showed a 50% excess in lung cancer deaths.

The potential role of cadmium as a pulmonary
carcinogen has gained biologic plausibility because of
the experimental induction of lung cancer in rats

LR

exposed to cadmium chioride aerosol (22). Epidemiologic *

studies of mortality among cadmium workers in England
and Sweden have, however, shown conflicting results.
Sorahan and Waterhouse (/§) found a staustically signifi-

cant excess of deaths from respiratory cancer (Obs=89: -

Exp=70.2; SMR=127; 90% Cl=106-151) in a cohort of
£.025 English nickel-cadmium batiery workers. A subset
of these workers had been inciuded in the earlier studies
of Pous (2) and Kipling and Waterhouse (7). Although
the authors observed a positive association between death
from Tespiraiory cancer and cumulative duration of
emplovment in jobs with high or moderate exposure 10
cadmium, thev noted that these workers also were
exposed potentially 10 oxyacetylene welding fumes and
to nickel hydroxide dust. Holden (17 ) found a statistically
s:zmhcam excess of deaths from respiraiory cancer
(Obs=36; Exp=26.06; SMR = 138; 95% CI= 108-333) and
from prostate cancer (Obs=§; E%p-300 S\'{R—"GJ.
00% CI=115-5251 among 624 cadmium “vicinity” work-
ers but not among 347 workers employed directly in
manufacturing cadmium copper allovs. The vicinity
workers were also exposed 10 arsenic.

Armstrong and Kazantzis (19), excluding the cohorts
studied by Sorahan and Waterhouse (18) and Holden
117, recentlv described mortality among workers enrolled
in the registry of English cadmium workers. A small.
stztistically insignificant excess of deaths from respiratory
esncer was evident in the overall cohort (Obs=189;

Exp=185.6: SMR=107; 95% Ci=92-122;. This marginal
c.\cess is consistent with the resulis in our study,
irssmuch as most of the workers 1n the Armsuong ¢ohort
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had only minimal exposure to cadmium. Less than % of
the workers 1n the Armsuong cohort were classified as
“ever highhy exposed.” High exposure was defined as
having worked at least | year in a job that the authors
judged would produce a urine cadmium level of at least
20 pg ‘liter following chronic exposure. In our cohort,
81% of workers for whom urine cadmium had been
measured had a median urine cadmium of a1 least 20
pg/Iner. Even among workers with less than 2 years of
employment, approximately 30% had a median urine
level of 20 pg/liter. One might argue that in each of (he
epidermioiogic studies in which excess morality from
lung cancer was seen, other occupational exposures such
as arsenic or nickel were present and could have
contributed to the problem. Unfortunately, the published
versions of these studies do not include sufficient infor-
mation on the level of exposure 10 either cadmium or 10
other metals 1o permit assessnent of this problem.

Increased momality from NMGID has not been re-
poried previously in association with cadmium. Ingested
cadmium is a severe gastroiniestinal irritant in man (5,
28), and Tsuji et al. (29) and Adams et al. (30) have
comnmented on the frequent observation of gastritis and
gastrointestinal ulceration among chronically exposed
persons. In our study we observed a 2.8-fold overall
increase in deaths from NMGID (excluding cirrhosis of
the liver) among workers emploved on or afier january 1,
1926. Deaths from these causes showed a general associ-
ation with prolonged employment. Because NMGID
previously has not been examined systematically, we
view this finding as a hypothesis 1o be examined further
in future studies rather than as a definitive conclusion.

No new deaths from prostate cancer have occurred in
this cohort since the Lemen studv (/). In addition, 1 of
the 4 original cases was excluded from this analysis
because of the revised definition of the cohort. The
excluded worker had been emploved for 13 years as a
guard who patrolled the entire plant but at no time had
worked for 6 months in a production area. Exclusion of
such a worker is to a certain extent arbitrary. Also,
- because the small size and short additional follow-up of
this cohort has low statistical power, and because
prostate cancer is frequently a nonfatal disease imper-
fectly studied by death certificate data, we believe that the
absence of new cases during the 5 additional years of
follow-up weakens but does not refute the possible
associalion between cadmium and prostate cancer.

The presence of only | death auributed to chronic
renal failure is interesting. inasmuch as cadmium is a
known nephrotoxin and because increased mortality
from chronic nephritis and nephrosis has been noted
among Swedish batterv workers (15, 16). The difference
rnav well be due 10 local differences in recording cerwain
tvpes of information on death certificaies. The compar-
isons in our study were based upon the underlying causes
of death and ignore the data for 4 individuals for whom
tenal disease was noted as a contributing cause of death.
Impaired renal function frequently is underreported on
ceath certificates, even when the disease was sulliciently
severe 10 require chronic hemodialysis (47).

]\(.IA\OL T4 N0 2 FRERL LRY 19¥S

In conirast 10 the Lemen study (1), we found no excess

‘of deaths from nonmalignant respiratory disease either in

the overal' cohort or among workers with 2 or more vears
of employment. If deaths from silicosis are excluded, the

only increast in mortality from these causes is amon
workers with shori-term employment. The significang
of this finding is unclear.

In summary, the {inding of increased lung cancer
mortality in this follow-up analvsis is consistent 1) with
the previous mortality study of this cohort (1), 2) with the
recently published rat inhalation study (13), and 3) with
the epidemiglogic findings of Sorahan and Waterhouse
(18). An association of cadmium with NMGID was also
ohserved. Previous [indings (/-3} of prostate cancer
amang exposed workers were somewhat weakened.
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- WNCTIONS OF EEPATIC AND RENAL METALLOTHIONEINS IN THE CONTROL
“OF THE METABOLISM OF CADMIUM AND C%RTAIN OTHER RIVALENT CATIONS
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As the f:rst metallothiconein to be isoclated (1) contained
a high content of Cd<2%, it was a logical assumption that one
function of thionein might be to provide a defence mechanism
against this toxic cation, This possibility, amongst others,
was considered by Kigi and Vallee {2,3) and was developed by
Piscator {{) as an hypothesis to explain the progressive
accunmulazion of biolegically inert Cd2* in the livers and
xidneys of rabbits, exposed to repeated small doses of CdClis.
The detoxification function of thionein against low level
exposure to either parenterally, or orally, administered Cd2+,
was confirmed in a nusber of later investigations (510, see
also ref.ll1). These investigations established clearly that
rmuch of the high body burden of Cd2* accumulated by the
experimental animal under these conditions was present as the
metallothionein in the livers and kidneys, and thus was
unavailable for interaction with processes with important
biclogical functions. Other studies suggested that the
inducible synthesis of thiocnein in these organs is not limited
1o Cd3*, bui probably functiens under conditions of either
chronic exposure to Hg2* (12), or increased tissue concentra-
tions of the esseatial, but potentially toxic, Zn2* and Cul*
cations {e.g. refs. 13 & 14).

T

Pretreatment of experimental animals with a low dose of
cd2+, or higher dose of Zne*, is khown to protect them against
a subsequent, norzally lethal, dose of cas* {15) and also to
prevent the Cd?*-induced testicular damage (16,17), placental
Laemorrhage (18) and foetal malformations (19-21}. As both
pretreatment cations stinulate the synthesis of the
corzesponding metallothicneins, protection agiinst such acute
effects of Cd2* alsoc has been attributed to these metallo=
proteins (6,8,22.23). Since 2n®* is a common component of
the metallotaieneins that are induced by both Cd2* and 2né*,
it is possible that such prorection could result from the
Teplacement of this cation by Cd2*. Alternatively, pre-
treatnent micht eliminate the lag in thienein synthesis (26),
such that further production of the protein is an immediate
response to subsequent challenge with cd2*. There is some
experizental support for both of these possibilities., Thus
Ci<* has been shown 1o displace Zn2* from zinc-thionein (7,8)
and froa (cadsiua, zinc)-thionein (22,24), in the livers or
anizals pretreated with Zn2* and Cd2* respeciively. Yoshikawa
f27) and Supzuki and Yoshikawa (22) consider tha: this
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replacement of 2n2* in presynthesized (Cacziu=, zinc)ethicnein
leads to a more rapid accumulation and immobilization of Cd2+
in the liver of the pretreated animal and, as a resul:t of this,
uptake of the catieon by other organs is decreased, Aczording
to Leber and Miya (24} the hepatiz concentration of (ladmiunm,
zinc)=thionein in mice, and thus of replaceable Znit, increases
with the preireatmen: dose, as does the tolerince to C29% on
subsequent exposure. A positive correlaticn between the
epatic content of this metallothionein and the LD3g of Cde+

in mice after pretreatment with different doses of the cation
also has been reported by Probst et 2l. (25)., Treatsment of
rats with an oral dose of Cd?+ (20 mg/kg) was found by Squibb
et al. (23) to protect against a second (100 39 Ce2%/kg),
given after 24h. and to increase the upiake of Cd2* no: only
in the liver, but also in the kidneys and testes (cf. Yoshikawa
27), Suzuki and Yoshikawa (28) ). In non=preireaied (contzol)
animals, hepatic thionein synthesis exhibited the usual lag
and thus, during the first few hours after the oral administra=-
tion of Cd2+ (100 mg/kg), most of the cation that was aken up
by the liver was associated with the high molecular weight
proteins of the cytosol. In the pretreated animals, however,

| the lag phase was eliminated and, from the eacliest tines

\ after the administration of the second dose, all of the Ca2+

L}n the soluble fraction of the liver was boun? to thionein (23).

Whilst these investigations seem to support the concept iy
of a protective function of pre-induced (cac:ium, zincle .
thionein against the acute toxicity of Cd2* there are other
observations which are difficult to reeencile with this view.
For example, protection can be obtained with, and is effective
against, other cations that do not induce thionein sgnthesis.
Thus In3* and Mn2+ protect against acute doses of Cd<* (28),
and pretreatment with Pb?* confers protection against toxic
doses of Pb** (29). Also, protection against ¢a2* in rats has
been shown to be maximal 1-3 days after pretreatment with a low
dose of Cd2* and then to decrease with time (30). Both the
content of the pre-induced metallothionein, as well as the
capacity for the immediate synthesis of this metalloprotein,
however, were retained in the liver of the preireated animal
for a much longer period. In agreement with the cobservations
of Yoshikawa (27}, Suzuki and Yoshikawa (22), Squibb e: al.
(23), and Cherian and Vostal (31), hepatic upiake of Céé* was
found to be much greater in the pretreated anizals than in the
noni-pretreated conirols. Uptake of the catino: Dy the kidney,
spleen, pancreas, brain and heart, however, wis uralzered,
whilst faecal excretion was decreased. The irncreased retention
in the liver, therefore, protably was due to cecreased biliary
excretion of Cd2+ that is known 1o resul:t froz prezreatzent (31).
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The synthesis of hepatic zinc-thionein is stimulated by
restriction of food intake (32), but Webd and verschoyle (31)
have shown that the intravenous LDsg of Cd2* in starved rats
is the same as :that in normally fed animals. Alse, even though
weanling rats contain very hiph concentrations of zinc=thionein g
in their livers, the lLDsp of intraperitoneally administered
Cde+ is not significantly different from that in adult females
(G.P. Samarawickrama and M. Webb, unpublished observations).

The above discussion sugpests, therefore, that the acute
toxicity of C¢2+ is not determined by the hepatic concentration
of presynthesized zinc-, or (cadmium, zinc)-thionein. Webb and
Magos (33) alse conclude that the presence of the latter petallo-
thionein in the kidneys of Cd 2+_pretreated rats cannot explain
the resistance of these animals to normally nephrotoxic doses
of Hg2*. In this work, for example, Cd2*.pretreatment was found
1o increase not only the renal content of th:.oneln-bound—ng+
as observed previously by Suzuki {34) and Shaikh et al. (35},
but also the contents of ng* in ether cellular canponents.

As, at normally nephrotoxic doses, increased ng ~incorporation
into these components was greater than that into the metallo-
thionein, it seeas that there iz no obvious reason to attribute
the protective effect of Cd2* to the induction of thionein
synthesis, and other mechanisms (cf. e.g. 36) seem more probable.

____-_,_._-——-.

Whilst, therefore, a role for thionein in the detoxifica-
tion of certain heavy metal ions seems to be established
clearly only at continuous low level exposure, this is unlikely /
to be the normal physiological function of the protein. It has
eeh suggested that either thionein itself (37), or its coppetr
derivative (38), may be the biologically active molecule with
functions in the paintenance of redox potentials (37), ion
transport (37), metabolic pools of cysteine residues (39), and
in tioenergetic systems, particularly when the contents of
cytochrome c oxidase are low (38). There is also much evidence
that the prizary biological function of this inducible protein
is related to the metabolism of the essential Zn®*+ cation
(7,8,32,40-24), According to Chen et al. (43,45), zinc=
thloneln. which accumzlates in the livers of rats that are
maintained on a diet with high levels of Zn2*, is elzmxna <ed
within 3 days when the animals are transferred to & Zn2+
deficient diet, the loss being associated with increased urinnry
and faecal excretion of low molecular weight Zna+ conplexes.
They conclude, therefore, that thionein has a fundanental role
in the acsu=mulation of excess Zn2*, rather than in the .storage
of the cation Jor subsequent utilization. A conservation
function, however, is indicated by the formation of hepatic
zinc-thicnein in the rat during postesurgical trauma (46)-and
in response to starvation (32,44).
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Regpulation of 2n2* absorption in rats, attributed by
Cotzias ex al. (47) to nepative~-feedback control, was shown by

3 Evans et al. (4B) to be mediated, at least in part, by the Zné*-
‘; i content of the intestinal mucosa which, in turn, is regulated
] ;5?1 by the Znl+-concentration of the plasma. Previously a functien

of thiconein in the regulation of the absorption and/or transport
of both Zn2+ and Cu?' seemed to have been established by the
isolazion of metalloproteins, tentatively identified as 2inc-
and copper-thioneins from the intestinal mucosa of the chick
(49), rat (50} and bovine (51). Later work by Evans and
¢collaborators {48,52-55), however, established that Zn<+-
absorption is determined not by the formation of zinc-thionein,
which is absent from the intestinal mucosa of the rat when the
rate of absorptrion is high, but by a low molecular weight
peptide (55), that acts as a ligand for Zn2* in the mucosa,

and the degree of saturation of the cation-binding sites of

the carrier protein, albupin (53,56), or transferrin (57), in
serum. This work was confirmed and extended by Richards and
Cousins {44,58,59) who produced evidence that absorption of

2n2* in the rat was related directly to the presence in the
intestinal mucosa ©of the Zn?*-chelate of the low molecular
weight ligand and inversely to the synthesis of zinc-thionein.
These authors suggest that, in cells of both the liver and
intestinal mucosa, the contents of this metallothionein are .
correlated with the serum Znet-concentration; in the former, .

i
w

<)
-

synthesis of zinc=tlHionein is considered to control upiake and
storage of Zn* and, in the latter,_to form an alternative
cation-binding species, which acts competiiively wiih the Zn2*.
carrier peptide to regulate the transfer of the cation to the
blood. ’

At present, there are difficulties in the application of
this zegulatarg hypothesis to the pregnant animal, in which
transier of Znc* from the mother to the foetus must be related
to the Zne+-conceniration in the maternal blood. As was observed
initially by Kdgi (60), metallothioneins seem to be present in

arge anounts in certain foetal tissues, High concentrations of
zinc-thionein, for example, occur in the livers of foetal rats
(61, G.P. Samarawickrama and M. Webb, unpublished observations)
rabbits and human-beings (A. Bakka and M. Webb, unpublished
observations), and of (copper,zinc)=thioneins in the livers of
rine (A, Bakka and M. Webb, unpublished cbservations), bovine
(¢2) and probably porcine (63) foetuses. 1In the liver of the
foetal rat, the concentration af thionein-boupd--?.n2+ may exceed
70 pg/c we: wt. tissue and yet be &t or near the liznit of
detection by conventional methods of analysis in the maternal
liver (G.P. Samarawickrana and M. Webb, unpublished observa-
tions).  Although the variability in cation contents of
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. Functions of Metallothioneins

evidence to suggest that hepatic zinc-thionein of the rat foetus,
at leasi, may be of functional significance {A. Bakka,

G.P. Szmarawickrama and M. Webb, unpublished observations).
Thus, in these foetal livers, the content of thioneinebound-
Znd+* increases rapidly from the 16th day of gestation and, at
birth, meay be between 7O and 100 .0/p wet wt. tissue. After
birth, the hepatic concentration of the metallothionein at

firzt increases, but at a slower rate, to & maximukm at about

7 days. It then falls almost to 2ero at 18 days. Intravenous
ini 2+ (1.25 mg/kg) to the pregnant rat on the
16th day of gestation prevents subseguent accumulation of zinc=
thionein in the foetal livers. This seems 1o be due to the
inhitition of Zn@*-transport by Cd2* in the maternal placenta,
and rnot to the szall amount of the latter cation that enters the
foetus 21 this dose level, and which is bound by the metallow
thionein of the fpetal liver. Inhibition of Zn<*.transport
persists for the remainder ol gestation, although it decreases
slowly (e.g. from 8&% at ¢h. after Cdetwacdministration to 66%

at £8h.) with time.
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1f accumulation of zinc~thionein provides a defence mechanism
against excess Znl+ during neormal foetal development, the content
of the metalloprotein might be expected to zremain low in the
livers of the newborn pups of the Cd®*-treated mothers. In
these litters, however, the hepatic.concentration of zinc-
thicnein increases to reach approximately the same maximum
'40-80 .o thionein-bound-Znd+/g wet wt. tissue) at the same
il as that in normal newborn animals. Fractionation of the
*r cytosol of the weanling animal shows that, once the conient
hepatic zinc~-thionein reaches its maximum &nd begins to
decrease, the contents of both né* and protein in one of the
high molecular weight fractions increase. 7The gain in 2ne+ by
this heterogeneous fraction which, as shown originally by Bremner
and Marshall {64) and Bremner and Davies (46), contains super=
oxide dismutase and carbonic anhydrase, is not steichiometric
with the loss from the metallothionein; an observation that
possibly is 10 be expected from the findings of Chen et al.
(43,45) on the elimination of thionein-bound-Zn2* from the liver
of the Zn®*.loaded adult rat. These results, therefore, indicate
but, at present, provide no firm evidence to suppert, the possi=
bility that accumulation of hepatic zinc-thionein during late
foetal and early post-natal life in the rat may be related to
subseguent requirements Tor the cation in the synthesis of other
metallcproteins at later stages of development. 5Such a function
has been considered previocusly for neenatal mitochondrocuprein
{63), which is regarded as a polymeric form of partially loaded
copper-thionein (65,66), and may act as a reservoir of Cu?* for gé;r
the subsequent formation of cytochrome-c oxidase, the conten x i
of which increases rapidly during the neonatal period. o
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t is possible that, if copper-thionein undergoes polys=
merization in vive to mitochondrocuprein, the presence of zince-
thicnein in some foetal livers, and of (copper, zinc)=thionein
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L : in others, may be correlated wiih the conteni of this insoluble
ok o copper-protein, This would izply that copper~ and zinc-

. ; 1f thioneins occur as separate species, and thus would be contrary
o __1! to current concepts that both cations are present, though in
= Rk~ different ratios, in all forms of {copper, zinc)=thioneins

T :gat (67,68), Whils: this may be :true wher the CuiZn ratio is high,
Sl -;Eéz it has been shown thar crude preparations of (copper, zincl-

thionein (atomic ratio Cu:Zn ®= 131} frog 1-3 day old pig liver,
yield zinc-thicnein as a single molecular species on preparative
electrophoresis (63). No evidence has been obtained, however,
that the hepatic content of mitochondrocugrein in newborn pigs
is related to the tissue content of 2Zn?* (63). Such a relation-
ship might be expected if 2n2% either prevents the polymerization
of copper~-thionein to mitochondrocuprein, o plavs a role in the
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g w Y metabolism and elimination of this insolutle protein from the
S%. e liver of the newborn.
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Vailidation Attempts of a Generic Approach
for Regulating Air Toxics

EDWARD J. CALABRESE

Duvision of Public Health, Umiversity of Massachusetts, Amherst, Massachuseus 01003
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The validiry of deriving ambient air quality standards or levels via threshold Yevel values (TLVS)
is assessed via two methodologies: (1} using current U, S, standards for ambient air standards and
occupational standards where the data base is very robust and (2) using Soviet occupational and
community air fandards where the standards are tased on experimentally derived toxicological
endpainis. The analysis indicates that the TLV-derived approach using TLV/420 and the appro-
priaic averaging time is in wide disagreement with both validating metbodologies. € 1986 Arademuc
Pre. loc.

v —— -

INTRODUCTION '

‘Many states have initiated an attempt 10 develop “air toxics™ regulations in the
absence of a nationwide program on the federal level. Given the recoguition that low
concentrations of dozens of agents exist in ambient air, many states are opting for
gencric approaches to deriving acceptable air quality levels. While there are a2 number
of variations, the basic pattern is often the same. This embodies the delineation of an
ambient air quality standard (AAL) via a conversion of the industnal threshold level
values (TLV) as derived by the American Conference of Governmental Industrial
Hyvgienists {ACGIH). Since the TLYV is based on predicting the health of occupatonally
exposed persons it usually assumes that exposures are confined 1o a 40-hr work week
(i.e.. 8 hr per day, 5 davs per week) over the Years 18 through 65. Since ambient
exposures entail 168 hr exposure each week (i.¢., 24 hr per day, 7 days per wetk) over
an entire lifetime (i.e.. conception to death). various proposed modifications of the
TLYV have been proposed in order to make it more relevant 1o the ambient condition.

That an occupational heaith standard should be applied for deriving ambient air
standards is highly controversial and not uniformly acc:pteF.“NcOcnhcless. it appears
that many state regulatory offices have adopted what is widely considered a “pragmatic™
approach. Since over 500 TLVs exist and have gone through a form of peer-review
process and since the cost of doing each agent separately would be enormous. they
have opted for some type of genenc TLV-derived ambient standard regardless of the
toxicological “correctness”™ of using TLV's for this purpose.

5%
0273-2300/86 33.00
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In practical terms what frequently occurs is that the proposed ambient standard is
some fraction of the TLV. For example, it is common for TLVs 10 be divided by 4.
or 420 (TLV/42 or TLV/420), based on dividing the 40 hr per week exposure by 168.
which vields 1/4.2, and then applying either a {0 or 100 safety factor. Other modifi-
cations may exist if one also wanted 10 amortize life span versus working years or
respiration rate of children versus adults. The present paper is designed to offer two
independent attempts 1o evaluate the validity of the genenic approach using a TLV
conversion factor for deriving AALSs. )

METHODOLOGY 1§

The first auempt in considering whether dividing TLVs by 420 or some other value
is valid is to assess what would be the ratio for agents where there is an enormous
reservoir of toxicological and/or epidemiological data existing for both occupational
and environmental (i.e.. community) exposures. Take for example, SOy, O3, NO;,
CO. and Pb for which the United States has both national occupational and ambient
air quality standards. If one were 1o use the TLV of each of these agents and divide
by 420, how close would the value come o the ambient standard afier adjusting for
average periods? Would it underpredict or overpredict the value and by how much?
As can be seen in Tabie 1, the methodology of dividing the TLY by 420 now i
consistently more conservative or protective than that derived from actual data. For
example, the ambient SO standard for a 24-hr average of 365 mg/m® is about 1/13.6
of the occupational standard and not 1/420th of the value! Then, if one employs the
current “known” pollutants to validate the proposed methodology, it would show that
the TLV/420 approach is cousistently more protective than current standards for
which large data bases exist. .

TABLE |
COMFPARISON OF TLVS AND A.mﬁm AIR QUALTTY STANDARDS IN THE UNTTED STATES

TLV . Ambient standard Armbient TLV ratio
co 50 ppm=(--55 my/m?) 10 me/m® (B-hr mex) L / 2!
55 /142
l L3
O, 0.! ppm (~0.2 mg/m’} 0.12 ppm {i-hr max) 3
SO, 2 ppm (~5 mg/m") 5 pg/m’ (24 br) 1_31-3
N 21' 14
NO- 3  ppm(~$ mg/m") 0.100 mp/m® {annual) 3 /E:-O
i l'/ 1 /
3 . 3 — ——
Pb 0.15 mg/m 1.5 ug/m’ (monthly) % /700

Naie. This wble is an atiempt 10 compare the U. S. ambient fandards with the TLV counterpan,
* This represents a comparison of the B-br max with the TLYV.

* This represents a comparison of & calculated 24-br ave via the CRSTER mode! with the TLV.

« Stokinger (1972) estimaie.

¢ This represents » comparison of a calculated 24-hr ave via the CRSTER mode} with the TLV.

« This represents 2 comparison of the annualized ambient standard with the TLV.

1 This represents a comparison of the monthly ambient standard with the TLV.
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METHODOLOGY 2

Another way to try to judge the validity of the proposed TLV-derived AAL meth-
odology is to consider the relationship of the AAL to the TLV eguivalent standard in
counlrigs where a large number of both standards are available and where the data
are based on toxicologically derived endpoints for both types of standards and not on
a TLV-derived methodology. The country with the most available standards for com-
parison is the Soviet Union, '

The Soviet approach to setting acceptable exposure limits for occupational and
ambient air pollutants has been written about in some depth in U. S. toxicological
Journals by both Soviet and American scientists [see Calabrese (1978) for a review].
The approaches used for standard setting by both countries are generally similar when
il comes o viewing the AAL in relationship 1o TLV [or maximum acceptable con-
centration (MAC) as the Soviets call them]. Both countries recognize that the workplace

TABLE2

CAsES WHERE THE AMBIENT STANDARD IN THE SOVIET UNION 15 GREATER THAN
1/420th OF THE OCCUPATIONAL HEALTH STANDARD

Fraction of the occupational

health standard
- 1. Epichlorohydrin 1/5.0
- 2. CCy, 1/9.7%
3, Sulfuric acid 1710.00
4, Phthalic anhydride 1/10.00
5, Lead 1/14.2
6. Carbor monoxide 1718.7
= 7. Beniene 17225
£. Manganess 1/30
9. Hvdrogen cyanide 1/33
10, Chioripe 1733
11. Mercury, metallic 1/33.3
=12. Ethylene oxide 17360
13, NO;, 1/42
+ 14, Trichloroethylene 1/48.1
15. HCI 1/49.0
16. Acetone ’ 1454
17, Pyridine 17562
18. Acvolein 1/60
19. Hvdrogen fluoride 1780
20. Toluene 1/81.2
2). Acetic acid 1783
- 22. Formaldehyde 12100
« 23. Arsenic 17100
24. Meyl aicohol 1104
2%, Ammonia 1/108
26. SO, ) 17156
27. Furfural 17200
28. Ethanol 1200
29, Xviene 17261
30. Nitrobenzene 173715
P AN Ehpirtod o ate S s ol g U S ek
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TABLE 3

CASES WHERE THE AMBIENT STANDARD IN THE SovIET UNION Is LESS THAN
1/420th OF THE OCCUPATIONAL HEALTH STANDARD

Fracior of the occupational
bealth standard

31. Phenol . 4o

32. Chlorobenzene v 17506

33, Tetrahydrofuran 175162
34, Propy! alcobol 17666

35, Aniline 171,013
36, Amyl acmate 171,050
37. Hydrogen suifide 171,313
3B, Methyl aoeizte 171,534
39 CS, 171,800
40. Ethy! aceate 171,925
41, Butyl acetate 172,130
42. Naphthalenc 176,665
43, Styrene 1/16,800

standard is designed to protect a worker from an E£hr exposure for 5 days per week
for 50 weeks per year between the normal work vears of 18 10 65 vears of age. However,
an AAL must protect the general public includipg the young and aged. persons at
enhanced risk due 10 preexisting diseases such as respiratory illness, and others. Cob-
sequently, the AAL will be 2 much Jower pumber than the TLV {or MAC). The
principal difference between the two countries relz:ss 10 what is termed an “adverse
bealth effect.” The Soviets consider any physiologcal/biochemical deviation from
normal as unacceptable, However, the United States may view certain initial alterations
(e.g., enzvme induction} as indications of an adaptve response. The pet result is that
Soviet standards for both MACs and AALs are ofizn considerably lower than their
U. S. counterpan standards (lzmerov, 1973).}

Regardless of these differences, the rato of AAL 10 TLV should be comparable '

between the two countries. This is one reason why it is deemed of great interest 1o see
10 what extent the Soviet AAL is a mathematical relzsonship of their MAC. In addition,
the Soviet AALs are actually based on experimental sudies usually with animal models
focusing on the most sensitive biological parameters such as olfactory response. enzyrme
ahterations, etc., along with 0.3-fold safety factor dewn from the no effect level.

In the present evaluation, 114 Soviet AALs were obtained. From this total, forty-
three 24-hour average AALs with corresponding MACs [i.c., 8-hr maximum (not time
weighted)] values (Tables 2 and 3) were compared. The remaining 71 AALs were not
compared because of a lack of available MAC, no 24-hr average value, eic. The results
indicated that about 70% (30 of 43) of the AALs tad values that were considerably
Ligher than the 1/420 TLV methodology. Thineer of the 43 agents bad values much
Jower than the 1/420 TLV proposed methodology. The total variation was €normous,
being from 1/5 to 1/16.800 of the MAC! The toxizological basis for such differences
i+ known from the U. S. literature for but a few of these agents. Nevertheless, it is
known that these values are experimentally derived and not just 2 numerically con-

' Jt should be noted that we are no! discussing compliance w7k the proposed slandards,

- S S T ———————r W T
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Jectured value, This being the case, it calls into question the generic approach which
treats all agents in a similar manner. If the Soviet approach were a good model. it

would suggest that the TLV/420 methodology would ofien have much “unneeded™
} ‘ safety built in, while at other times not enough.

DISCUSSION

The two independent attempts (o validate a currently in vogue methodology for
deriving AALs from TL Vs indicate potentially scrious probiems. The L. S. data, based
on our current ambient air standards, suggest that the TLV/420 methodology may
grossly overpredict nsk while the Soviet data imply that this methodology may grossly
under and/or overpredict risk based on the agent. While any generic approach would
be expected 10 be somewhat off the mark and on the conservative side. the magnitude
of the potential inconsistencies is so large as 10 seriously question the validity of this
approach. Clearly, further attempts 1o assess the validity of this and other generic
approaches 10 establishing public health-based AALs are needed before such standards
become adopted in numerous states.
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INFLUENCE OF TOTAL DOSE AND DOSE RATE .
IN CARCINOGENICITY STUDIES
ISOLATED/
3ED LIVER. Neil A, Littlefield, David W. Gaylor

ries H. Hobbs Depe iment of Heaith and Human Services, Food

JCHLOR|DE. and Drug Administration, Mationa! Center for Toxicological
Research, Jeffarson, Arkansas

.

BESTOS EX-

Joan O, Ford One element of the ED,, Study contained o group of animals that were dosed with 2-
VBORN RAT gcetylominofivorene for 8, 12, 15, 18, or 24 mo and then sacrificed ar 18 or 24 mo.

. This provided datg te compare the reiotive effects on corcinagenicity of dose rote versus
total dose. The prevalence of liver and bladder tumors were used as the comparison.
AVEMBRANES Animals receiving similer totel dosts bur over g different length of time (different
dose rates] were compgred o1 the 18- and 24-mo socrifices. When the totol doses were
similar, the higher dose rotes for shorter time periods induced g higher prevolence of
umors. Results were more consistent for bladder tumors thon for liver tumors, ol
though the same trends were noted for both endpoints. Those groups dosed at higher
rotes but for fewer months hod ¢ generally higher prevalence than those receiving
similar totaf doses but gt jower rotes for more months This date from the ED,, Study
fflustrates the importonce of experimental design, dosing regime, length of study time,
ond age of the animals ot time of dosing in respect of colculotion of risk.

alory/Analgesic

INTRODUCTION

Chronic toxicology studies for the determination of carcinogenicity are .
usually conducted by administering the agent to the animals in their feed '
or water at calculated concentrations for specified lengths of time. These
studies often include sacrifice intervals in which part of the animals are
removed from the study and an examination made at some interim pont
in the lifetimes of the animals. These studies are generally terminated around
the average lifespan of the animal species on study. At the terminal sacri-
fice, the animals are killed and microscopic histopathological examinations
conducted. Estimates of risk are calculated on positive studies based on the
concentration of the test agent in the feed or water of the test animal,
Almost always, studies are conducted in which dosages are administered
ad libitum and continue until the time when the animal is removed from
the study. One element of the EDg, Study (Littlefield et al., 1380), a study
performed to determine the possibility of determination of the effective
dose of a carcinogen at the 1% level, contains groups of animals that were
dosed for specific periods of tilne, after which the carcinogen was removed

Reguest for reprints should be sent to Neil A. Littlefield, Division of Comparative Toxicology,
National Center far Toxicological Research, jefferson, Arkansas 72079,
545
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removed from the feed and the animal was subsequently held for additional
time periods prior to sacrificing. Since concentrations of the carcinogén
were determined analytically in each batch of feed and feed consumption
was measured, the data are available 10 study the effects of dose rate, or the
dose schedule, using several different groups of animals having different
dosing periods, but were sacrificed after the same lifespan. The purpose
of this paper is to examine the infiluence that the dasing regime (i.e., dose
rate and 1otal dose) may have on the relative results of a carcinogenicity
study.

METHODS

The complete methods, results, and analysis of this study are found in
Littlefield et al. (1980). The experimental design with respect 10 numbers
of animals sacrificed at each dose level is shown in Table 1. For the pur-
poses of this paper, serial treatment groups are used. BALB/c female mice
were dosed at 0, 60, 75, 100, and 150 ppm, in the feed, commencing as
weanlings, for 9, 12, 15, 18, or 24 mo, then sacrificed at either 18 or 24
mo. The carcinogen in the feed was 2-acetylaminofluorene (2-AAF), The
average total dose in milligrams 2-AAF per mouse was determined using

ach group of mice that was sacrificed and was calculated from the food

wconsumption data recorded on each cage .weekly. The total dose used in
the results was based on the average dose per mouse per cage, since some
animals in each group died prior to sacrifice. The target concentration was
used in the calculation and the total dose was calculated by multiplying
the concentration in ppm by the food consumption. The NCTR mouse
feeder (Hunziker, 1975) was used. This feeder has beén shown to prevent
spillage at a rate consistently less than 1%,

Models for estimating liver and bladder wmor prevalence rates are,
respectively,

TABLE 1. Number of Animals Sacrificed ar Each Dose and Time Intesval

Time of sacrifice (mo)

18 24 18 24 18 24 18 24

Time on dose {mo]

Dose {ppm) 9 9 12 12 15 15 18 24
150 63 33 63 29 63 28 121 130
100 &4 335 £3 33 4 35 131 160

75 128 66 132 T4 130 §6 267 311
&0 154 108 190 118 196 114 269 415
0 ’ : 400 384

TOTAL DOSE/

In{P, +0.5
P,
ln(PB + Q.2
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‘ﬂ{PL + 05) =
PL =
1H(PB + 0.5)
Fg

Hni

2.1236 + 0,004175r + 0.003304

~0.5 + exp (2.1236 + 0.004175r + 0.0033307)

—1.8428 + 0.00014331r% + 0.011020¢

—0.5 + exp (—1.8428 + 0.00014331-% + 0.0110204)

sd41

where P, is the estimated percent of animals with liver tumors {prevalence)
at 24 mo, Py is the estimated percent of animals with bladder tumors (pre-
valence} at 24 mo, dose rate r is given as ppm 2-AAF, and total dose d is
the average milligrams per mouse of 2-AAF. The constants in the exponents
of the models were obtained by the method of least squares.

RESULTS

The average total dose received by the respective dose groups of animals
and the prevaience of liver and bladder tumors are shown in Table 2.
There are several comparisons that can be made from Table 2, in which

animails received a similar total dose but at different dose rates. For
instance, mice that received 160 mg 2-AAF at 75 ppm over 24 mo can be
compared to another group that received 153 mg 2-AAF at 150 ppm for

12 mo. Both groups were sacrificed at 24 mo. The prevalence of both liver
and bladder tumors were higher in the group receiving the higher dose rate

for 12 mo. Mice dosed at 60 ppm (128 mg 2-AAF) for 24 mo had the
same liver tumor prevalence but a slightly lower bladder tumor prevalence
than a group dosed at 100 ppm (133 mg 2-AAF} for 12 mo. Two other
groups (97 mg 2-AAF over 15 mo at 75 ppm versus 100 mg 2-AAF over

12 mo at 100 ppm) showed essentially the same results. However, 2 other -
groupings {78, 77, and 76 mg 2-AAF over a dosing period of 15, 12, and 9 Z8N
mo at 60, 75, and 100 ppm, respectively, and 61 and 57 mg 2-AAF over G
12 and 9 mo at 60 and 75 ppm, respectively) showed somewhat incon-
sistent results in the liver tumors, while no bladder tumors appeared in
these groups. All of the groups already mentioned were sacrificed at 24

mao.

Comparisons that were made in the animals sacrificed at 18 mo showed
a lower prevaience in the liver tumors, since this lesion was a late-developing
tumor. However, the results in bladder tumors showed some consistent
trends. The most prominent example was the two groups having a total
dose of 148 mg 2-AAF (100 ppm for 18 mo} and 149 mg 2-AAF (150 ppm
for 12 mo). The prevalence was 4% in the group having the 100 ppm dose
rate, and 22% in the group having a dose rate of 150 ppm. Two other groups
{113 and 114 mg 2-AAF for 18.and 9 mo at 75 and 150 ppm) exhibited 2
prevalence of 1 and 6%, respectively, while 3 other groups {74, 75, and 71
mg 2-AAF over a dosing period of 15, 12, and 9 mo at 60, 75, and 100 ppm,
respectively) showed bladder tumors appearing only in the group dosed at
100 ppm, which was the highest dose rate. This was also noted in groups
receiving 91, 94, and 97 mg 2-AAF, and another grouping receiving 60 and
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TABLE 2. Towual Uose {mg 2-AAF /Mouse) and Subsequent Prevalence of Liver Tumar and Bladder
Tumor for BALB/¢ Mice !

Month of sacrifice

18 24 18 24 18 24 18 24 %
4
Months dosed E
- 13
Dose {ppm) Pacamezer g 9 12 12 15 15 18 24 nz;
150 Tota! dose 114 116 149 153 186 195 224 316
Liver tumar, % 6 27 3 3 [ ral € 43
Bladder tumor, % 6 18 22 24 34 39 51 77
100 Total dose 7 76 97 100 127 133 148 2N
Liver tumor, % 2 14 0 15 2 17 L 30
Bladder wmor, % 2 0 2 3 0 3 4 16 FIGURE 2. Re
75 Total dose 56 $7 15 77 94§17 113 160 24 mo, Number
Liver tumor, % 2 15 5 19 4 16 2 20
Bladder wmor, % 2 0 0 0 0 D 1 1 tive prevale
60 'll:?uldose o 4? :g 6? 5; 7; :: 9; 1?: groups was
rtumor .
B::;der tum‘ur,% 0 1 0 0 0 ) 1 1 total. dose ’
. 24-mo sacri
.5 have a gene
6 mg of 2-AAF; ie., the higher prevalence was noted in these groups but at low:
in which the higher dose rate was given over a shorter time period. influence t!
The general concensus of these comparisons shows the liver tumor total dose.
data as not consistent over all ranges, but does exhibit a trend toward period of
a higher prevalence associated with the higher dose rates. The bladder compared t
tumor data were more consistent in this respect. When the total doses 3 24-mo per
were similar, the higher dose rates for shorter time periods induced a For bla
higher prevalence of bladder tumors. effect is ver
The total dose was calculated for each treatment group. The respec- shorter time
507 N DISCUs
2 40{ 2 ' The da:
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) 8 30 5 2 ‘ response. A
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FIGURE 2. Relation of total dose, dose rate, and incidence of bladder tumors in mice sacrificed at
24 ma. Number indicates (months dosed}/{months at sacrifice).

tive prevalence of hepatocellular carcinoma for each of these treatment
groups was determined and the resulting data are shown in Fig. 1. The -

~total dose (mg 2-AAF/mouse) is compared against the prevalence at the

24-mo sacrifice. Those groups dosed at higher rates, but for fewer months,
have a generally higher prevalence than those receiving similar total doses,
but at lower rates for more months. Therefore, the dose rate appears 10
influence the prevalence of hepatocellular carcinomas irrespective of the
total dose. For example, mice receiving a total dose of 153 mg 2-AAF over a
period of 12 mo had a prevalence of 31% hepatoceliular carcinomas, as
compared to only 20% in mice receiving a total dose of 160 mg 2-AAF over
2 24-mo period. ‘

For bladder tumors, the same effect is noted in Fig. 2. A dose-rate
effect is very evident, in that the animals receiving the same dose but over a
shorter time interval had the higher prevalence of bladder tumors.

DISCUSSION

The data presented indicate that under the conditions of this study,
both dose rate and length of exposure (tota! dose) influence the carcinogenic
response. Animals dosed for 9 or 12 mo and sacrificed at 24 mo had a much
higher prevalence of both liver and bladder tumors than a group given a
similar total dose for 18 or 24 mo. This has important implications related to
choices of experimental designs, especially in quantitative carcinogenesis
studies designed for caiculation of risk. For instance, 160 mg 2-AAF ad-
ministered over 24 mo resulted in 2 20% prevalence of liver tumors, whereas
approximately the same total dose of 153 mg given for 12 mo (i.e., at twice
the dose rate), with the sacrifice at 24 mo, resulted in a prevalence of 31%
liver tumors, 2 55% increase in tumor prevalence. Higher dose rates for
shorter periods of time appear to be more effective for producing positive
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results than lower dose rates given over longer periods of time. This also
supports the concept that smaller numbers of animals at higher dose rates
could be used to obtain significant results, Also, in view of the high cost
of conducting toxicology studies, costs could be reduced by dosing the
animals for the first 9 to 12 mo, then merely holding them until sacrifice
at 24 mo. This would eliminate the cost of diet preparation and subsequent
chemical analysis and diet monitoring for 12-15 mo. However, this reduces
the chance of detecting tumors compared to using the higher dose rate for
24 mo. Also, dose rates are limited to the amount that animals can 1olerate.

The amount of data in the literature in which total dose can be com-
pared with dose rate is sparse. One study, conducted by McCornick et al.
(1981), gave a total dose by intragastric instillation of 30, 20, or 15 mg
N-butyl-N-(4-hydroxybutyl}nitrosamine in 20, 10, or 5 weekly fractions.
These data showed that the doses given in the 20 weekly fractions were
more effective in producing urinary bladder cancer than those given in the
5 weekly fractions. Although it is not clear whether the 5 weekly fractions
were given in the first 5 wk or evenly spread throughout the 6-mo study
period, these higher dose rates did not produce the same results as the
present study. Although the reason is not clear, it could be due to a chance
_ for recovery with the five fractions.

. Druckrey (1967) stated that the total dose needed to produce cancer

'i‘[h small daily doses over a long period is not greater, but significantly
smaller. Carcinogenic action goes considerably beyond a pure “summation
action” and increases with time. Druckrey theorized that time is inversely
proportional to dose. Druckrey showed that the tumor rate decreases when
the 101al dose of diethyinitrosamine is spread at lower doses over a longer
time. In the study reported here, all animals were sacrificed at the same
time, therefore, time is not a factor.

Another factor that possibly had an infleunce in this study is that in
many instances young animals are more susceptible 1o exposures of car-
cinogens than older animals. Therefore, since the higher dose rates were
administered to the animals during the first 9 or 12 mo of their lifespan,
they might exhibit the higher prevalences.
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The inhalative toxicity of differant cadmium

compounds in rats*

H. Oupices and U. Graser

Fraunbofer-Institut fiir Umwelichemie und Okoloxtkologte, D-5548 Schmallemberg-Grafichaft, FRG

Abstract. [n a long-term inhalation study, male and fzmale Wistar rags were contunuously exposed to
submicron aerosols of CdO, CdCl,, CdSQ., CdS and a CdO/ZnO combination. For chronic
exposures it was shown that at aerosol levels equal to and above 30pg'm’ Cd, even the less soluble
cadmium compounds (CdO and C45) were toxic and lethal, especally to male rats. No monaliry was

- seen in the group exposed to the ZnO/CdO combination. Qur study suggests that inhalative toxicity
of cadmium compounds may be related to lung retention of bioavailable cadmium. In 2 short-term
inhalation study we found that the lung retention of cadmium was two times higher after exposure to
CdO than to CdCl,. The lung and body burden of cadmium dirfered by a factor of ten berween CdO
and CdS. The reasons behind these results are not yet fully undenstood.

Key words: cadmium compounds - inhalation - retention - toxiaty - Wistar rats

Introduction

It has been shown from long-term inhalation studies
that cadmium chlonde induced primary lung tumors in
Wistar rats, and that the incidence of lung tumor was
strongly dependent on the cadmjum aerosol concentration
[Takenaka et al. 1983, Oldiges et al. 1983, Oldiges et al.
1984]. It was therefore logical to examine whether other ess
soluble cadmium compounds to which human beings are
more frequently exposed have the same carcinogenic
potency as cadmium chlonde.

Matenial and methods
Long-term intalation study

In a long-term inhalation study rats were exposed to
cadmium aerosois consisting of cadmium chlonde
(CdCly, cadmium oxide (CdO) as dusts and fumes,
cadmium sulfate (CdSO,), and cadmium sulfide (CdS).
Another group of rats was exposed simultaneously to dusts
consisting of zinc oxide {ZnO) and cadmium oxide. The
rats were exposed in 2251 honzontal flow inhalation
chambers. Two wire mesh cages were placed in eath
chamber 3:nd each cage contained 10 rats.

* Presented gt the Founth Svmposium on Trave Elements, Apnl 26th,
1983, Munster, FRG.

Corresponden.e to Dr. Oldiges.
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The aerosols were generated by several different
systems described previousiy {(Hochrainer 1983). The aero-
sol flow-rate was 80Umin. The particles of the cadmium °
aerosols were in the submicron size range and had average
mass mediurn_diameters ranging from 0.2 to 0.5pm. The
parucle size distributions and the cadmium aerosol
concentrations were measured as described elsewhere
[Oberdorster et al. 1979). ,

Five week-old inbred Wistar rats (TNO-W-75, SPF)
were used. For each aerosol concentration and for each
cadmium compound there were 20 female and 20 male
rats, purchased from F. Winkelmann GmbH, Borken, FRG.
40 animals breathing filtered air were kept as controls
(Tabie 1). The inhalaton lzboratory 15 an air-conditioned
room with a 12hrs day/night cycle. The animals received
drinking water ad libitum. To keep the cadmium uptake
from food as low as possible the animals were fed with a
Ssniff peller diet berween 2 p.m. and §a.m. The rats were
continuously exposed for 22 hrs a day, 7 days a week. Asin
the previously reported expenment the exposure time was
to be 18 months and the studies were to be terminated in
the 31st month, tha: bzing the mean survival litespan of the
SUrain.

Shori-ierm miilition sudy

To ottan more information about the lung deposi-
tion and rerention of the differsnt cadmium compounds,
short-term nhilation studies with 100pg'm’ Cd as
caémivm chlonde, 100pg'm’ Cd s cadmium oxide dust
and Img'm’ Cd as cadmivm suifide were performed.
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7o Inhalanve tomiary of differemt cadmiom compounds m rat
CGroup nominal acrosol mitasureo duranon of morality
Nn concentraton COncentranon the studv exposure madence
tpg/meral'm’) (wgrmetal-m’) fdays) (davs)
i1 controd f==a - ' - 343 - 1420
21 controiy o% - - 343 - 020
LR ¢ 30 2= 8 255 285 0/20
3y C4Cl, 0 30 9= 4 288 .. 253 0720
) Cacl, ac 80 9y M 441 180 . 020
v CdCh. 1< 50 92 )2 44] 180" 1720
Ty Cd0 duwt e 0 W= s 341 343 026G
Eo CdO dust o] 30 26 4 343 kLR 020
ey CdO dust des 0 8- 9 343 218" 620
10y CdO dust g3 90 Bl x 8 343 3244 620
Yin C40°ZnQ duste dgc 90/900 [02 = 200853 106 374 374 020
127 Ca0.ZnQ dusts [+]e 9030 103 = 207649 = 136 ] 374 020
i3 CdSO, ¢ %0 5= 14 455 413t 6/20
14y CdSO, %5 90 : 9+ 1 455 455 1720
150 CdS o 90 9 = 17 409 409 1/20
6y CdS ¢t % 92= 20 202 ap2 0:20
17y Cés ge 270 2% = T8 409 409 320
18y Cd8 o¢ 270 263 % 75 409 409 2020
19y Cds a2 810 843 & 211 409 208 620
200 CdS =1+ 810 B41 = 209 402 258" 7/20
211 Cds do 2430 2270 % 545 112 12k $/24
221 CdS ¢c 2430 2247 * 543 105 105%™ 4/24
234 CdO-tume (n =~ A0y &¢ 10 0% 3 243 243 0/40
i CdO-fume tn =400 &4 30 Nz 4 24377 24% 0740

4} The planned inhalation time was 180 davs

b exposure interrupted due 10 more than 25% mortality

A higher concentration of cadmium sulfide was cho-
sen because of the very low solubitiny of this compound.
Groups of six five-week-old male rats were conunously
exposed to the cadmium aerosols for one month under the
same conditions as described above. After exposure each
parallel group breathed filtered air for 2 further two month
peniod before being sacrificed (using urethane anesthesia).

Results
Lonp-term mbalation stuay

Since there were no results in the Jiterature regarding
the long-term inhalative toxicity of cadmium compounds
other than our own with cadmium chlonde, we chose hig-
h=r cadmium aeroscl concentration for cadmium suifate,
owide and seinde, because of their iower solubihues. Howe-
ver. in some cases the chosen aerosol concentrations were
to0 toxic and those exposures were stopped. For these
groups monality occurred within a few weeks, suggesung
that there 15 a cntical lethal concentration. This toxiciy

(Table 1) was not apparent earlier, either through the regular
checks on weight gain, food and water consumption, or by
hematological examinations. Gross necropsy of the dead
animals revealed increased lung weights and enlarged
thoracal lvmph-nodes. Elevated liver weights were found
only in the rats exposed to the highest cadmium sulfide

“aerosol concentration (2.4 mg/m’ Cdi (Table 1). No further

mortality occurred anter termination of cadmivm exposure
in those groups which had shown increased morality
incidence. The weight gains of the surviving rats were
similar 1o those of the controls. The selecied cadmium
aercsol concentrations of the different cadmium com-
pounds and the available resehs (Table 1) show that at
90pg‘m Cd or higher. cadmium was toxic as 2n oxide, 3
sulfate or 3 gulfide. especially to the male rats, There was no
lethaliv observed 1n the cadmium zinc combinauon
group. Cadmium suinde proved to be toxic with 2 clear-cut
aerosol concentranon dependency.

. -

In an earhier expenment we showed that cadmiun"
b

chloride aerosals had 2 Jung dearance haltlite of about
davs [Oberdérster e al 1980, The resuits of this study
showed that this must be true for cadmium oxide and sul-

. |
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Frg { Cadmum retention n the lung of maie Wistar rats (0= ¢ ner
groupl after cONUNUOUS eXPOSUTe 10 SubMITON CIEMIUM aCroscis
(0.1mg m’ Cd as CdCl, and CdO, I mg m’ Cd 5 CdS). Numbers on
ordinare represent relanve lung burden, ca.culited from Stahl's formula

with 2 30™ deposiian rate 1 the alveaiar regien.

fide aerosols as well (Figure 1). This figure shows that conti-
nuous exposure to submicron cadmium aerosol as CdO
resulted in a cadmium retenuon in the rats’ lungs rwo umes
higher than for treatment with a cadmium chlonde aerosol
ot the same concentraton and particle size. Exposure to
the less soluble CdS aerosol also resulted in 2 lower Cd
retention in the lungs. In addition to the results for cad-
mium retention in the Jungs, Figure 2 gves the cadmium
distnbution found in the kidneys and livers. It 15 evident
that cadmium exposure as cadmium sulfide, although ten
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times higher, resulted in the same cadmium body burden as
for the exposure to the CdO aerosol. This was observed at
the end of the 30-day inhalation period and at the end of
the subsequent observation period. These results suppon
the available results of the long-term inhalation study that
in addition to the soluble cadmium chlonde aerasols, the
subricton Cd-aerosols of lower solubtiities are just as
bicavailable and just as toxic to experimental animals.

Discussion '

Several authors suggested that in some occupations
cadmium aerosols may be a carcinogenic nisk {Lemnen et al.
1976, Kjellstrom et al. 1979). Recently it was demonstrated
that long-term exposure of expenimental rats to submicron
aerosols of cadmium chlonde induced prnmary lung
rumors at even low exposure level [Takenaka et al. 1983].
But presently there is no clear knowledge about the kinetics
and inhalative potencies of other cadmium compounds,
especially the less soluble ones. Thus a long-term inhala-
don study was designed to descnbe the carcinognic nisk
from CdO dusts and fumes, CdSO,, CdS and a CdO/Zn0
combination, But in relation to CdSO, as well as the water
insoluble compounds CdO and CdS, it was shown that
aerosol levels equal to or higher than 90pg/m’ were toxic
and lethal to male Wistar rats. Epidemiological data of -
Prnci {1947) and Teculescu and Stanescu [1970) did not
reveal any symptoms of toxcicity after inhalaton of CdO
and CdS dusts and fumes at even higher exposure levels.
Our findings concerning toxcicity of these Cd compounds
have been confirmed by short-term kinetic studies. Hadly
et al. [1980] found that CdO instlled intratracheally
rapidly translocated to the livers of rats. The results of Cd
retention in this study confirm that CdO was slightly more
available to the lungs than CdCl,, while CdS retention was
lower. The reason for the observed differences in behavior
of the vanous cadmsum compounds should be examined
in tuture studies.
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ABSTRACT

Rats were exposed 1o CAO acrosois for ¢ to 13 months atlevels of abour 300 og C4¥im?,

Cadmium-. zine-, and copper-containing protein fractions werr ebrained from the lungs azd
Kidnews—of these animals by dizivsis and Sephadex gei chromatopra® 1y, The proteins of the
fung and kidney that bind these metals do not appear 1o be identical but Save properties in
common. For the first 9 months of exposure, the majority of cadmium in zhe lucg s bound
0 a low-molecular-weight component tescmbiing metailothionein, whereas the kiénevs of
these animals- possess an additional 30% of the avaiiable cadminm bound 1o seversl
poivpeptides with molecular weigars of between 1000 and 4500 After 1! months of
exoosure, no metallothionein-like fraction was observed in the lung but was observed in the
kicney. instead. +6% of the availabie jung cadmium was contained in the ulradfilerate bound
to lower-molecuiar-weight components.

Although the absorprion, distribution. metzbolism. toxicity, and excrezon of
cadmium has been the subject of extensive studv,''® less research has been

concerned with respiratory deposition and subscouent metzdolism of caémiurm-
containing dusts, aerosois. or fumss.’” Howeve: :he r:‘a’:ons:..: betwees
eievated levels of cadmium in the lung and puimonary empiysema or treachin
fss bezn nowed for vean.™t 0

The mezboiic fare of cadmivmecontaining compounss agministersd bv

. - " - . . - -y -
OIOEY Touies Ol E:‘.L“'\"‘ 23 5as oeth ‘OI‘D“C P!Oﬂ‘- S‘ul... ..':‘-ES.-A;-..’..‘. »S ' mzs.
sesn serzliishod thaon onee sitoried siimium ramdly spTeonmr on he Tiasm:
I mmen SnTis 10 me ten b\ooc’ zalls whers 1T assoiates with Remcizbin inTin
OT Mice. icsumuiziod i the Lver rammmanles smaost cmmesSizin o7 whems

Mg largest concentration b:--:.s 10 1 .ew-moigcuisreweiznt
' . . - - LR X

1013100, 4TreT an duction L2y of severs hours. Burnzines
{ollowiny an injected dose and a:Ter repeitzd (RleCUORS, ITITANLIT N8 1isn D

found assogisted with  high-molesulire-werpnt protsing .n
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ney! 71876728 hich 1o date have been lirde characrerized strueturally. The
high-molecular-weight protein—cadmium assOCIALOR 1N expeaments With re-
peated doses has been postulated as represesting exgess cadmivm spillage irom
the sequestering metallcthionein.?® After the first day, cadmium is found in the
kidney as well 25 in the liver, again principally bound o metallothionein. These
two organs accumulate the bulk of the me:al administered by injeczion ar the
oral route with very little (about 1%) being distributed ro the lungs.! 1 E8 I
one chronic inhaladon study, pulmonary adsorption wis caicuiated as ropre-
senting 30% of That inhaled, and only 10% of the total cadmium recovered o
the lung, livez, and kidney remained in the Jung.'
This work has been undertaken to evzluate the response of the lung to
“czdmium oxide acrosols since studies raladng exposure to cadmium with lung
disease have not becn followed by more detadled work directed toward
elucidating the molecular mechanisms of toxicity. Cadmium was measured aftes
varving exposure periods and located with respect 1o its subcellular distribution
and protein associadon. lts disoribution among the different proteins of the lung
was compared with that oceurting simultaneously in the kidney. It was expecied
that inhaled cadmium would be bound to some proteins bearing sTuctural
similarities to each other as well as to those isolated from animals given cadmium
by other routes. Since at_least the protein metaliothionein, whether extracted
from the liver or kidney in a variety of hosos® *™? 73! _has been demonstrated rglia
be remarkabiv similar in amino acid composition and meral binding,, th.
" assumption secmed reasonable. This paper presents data idendiying rat lung and
kidney cadmium-binding proteins in terms of their moleculzr weights and mezal
compositions 2t moderately advanced stages of lung fibrosis as measured by iight
and elecron microscopy.

MATERIALS AND METHODS

Animals

Each experimental group was compased of 15 controi and 15 exposed white
Sorague—Dawiev tats (Laboratory Servicss) thar weme 3 months old at the
commencement of e inhalation experimencs. Body weights commenced it 3
mezn of 330 = 10g (2SD) and were 515 £ 30 g (2SDi at the time of death. The
animals wers mazimraines in stainiess-steel fages in sir-conditioned guariery on

standard laborziony chow (Purinas with tap water 3d Lzium.

Inhalation Chambers and Aerosol Generation

The animal sxposure charnbers had an intemal voiume of 12 i} with i
conical rop fesd and bortom exit. The acrosols were generated by passing
nedulized cadmium acctate through 3 600°C oxidation furnace. The effiuent
airsream was cooled by a series of condensers so that the final remperaturs
emering the chamber ranged from 35° to 40°C (Ref. 31). The effluent from the
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chimber was passed through an absolute fiiter before vennng. During the
exposure periods, acrosol paricles in 2 known voiume of zir from the exposure
champer ‘were collected on Millipore filters for mezal anaivses by atoraic-
absorption specophotomewy. The size distribution of the acrosol in the
champer was measured with a seven-stage Andersen impactor equipped with a
4%7-mm Type AA. 0.8-um Millipore backup filter®? (mass median aerodynamic
diasmeter = 0.15 um, 0g = 2.53). Atomic-absorprion specrophotometry was used
to znahvze all stages for memis. The chemical compositon of the particles was
verilied by X-ray analysis and elecwon speswoscopy for chemical analvsis
(ESCA). In soluvton, CdO is insoluble except in the presence of acids or
ammonium sals.??

Inhelation Experiments

The inhaladon procedures used werz previously established in these
laborazories.> ' **-?% Groups of 15 animais eac: were housed within the
coimpers in comparcmestaized sminiess-stesl racks for the duradon of e
exposure pemod, aficr which they wers returned to thelr reguiar quarters
Exzosure perods lasted 7 to B hr per day, 5 davs per week. for a total duration
of § to 13 mondis. The mean chamber concenmration ior eath exposure pen
was 34752 73 (SD) pg C4¥/m’ and 282.1 % 95.2 (SD) pg Ge*'/ml,
recoecovely. The same number of control rats for each expenment were
mainizined in 2 laminar air-flow appararus for the duration of the experimen
On the basis of a respiratorv clearance of 0.01026 m?/hr times the_number of
horss in the chamber, these two groups have inpaied +604.8 and §587.7 ug
Cd*/rar. respeczivelv.®® At pulmonary comparzment deposition rates 07 0.2 10 0.3
of hat inhaied the calculared amount of Cd*" deposited was 1151.2 up for the
$-rmonth exposure and 1371.9 pg for the 13-month exposure. The cadmium
recovered from the lung was considered a direct reflection of that absorbed after
deposition, whereas kidnev cadmium was assumed to also inciude the fracdon
absorted afrer ingestion. The equilibriwn concentradon for the lung was about
13¢ 2z Cd™ per animal’® After exposure of 13 meontis. the kiczev
consenTation had pot reackes an eguiitbrium value.

ez2ents and Glassware .
AL zhemicass used for zzmalvses wemaiTagurs or of reagent grade, AL woter
A5

use was tmpie Sistled n a glass apparatus. All Ziassware was boiied in seua
‘cllowed 3y mnsinz o distiiled water. soaked in 1% cwrvd ethviene
zaceTic acid disodinm sait tEDTA), and rinsed again 5 to 10 tirnes,
fiers [composes of 0.23Y sucrose and 0.001%  Z-aminp-2-
cheiroxvmethvidi,i-prozanediol (Trisi, pH T.5: 0.0ZY Trs. oH B.o: and
0.CSLM Na: COj. pH 7.3 were prepared on the day or use. Concentrated stock
soiotions of the metals and all other solutions wese prepared as prewiously
descrived.
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Metal Analyses ' .

Analvses were performed on 1 Periin—Elmer 403 itomic-absorption
specTophotometer equipped with a Boling wiple slot burner and an air—
acexviene flame. Sensizivirty of the instwment for cadmium. zine, and copper
was 0.01 ppm at 1% absorpdon. The detecton limit, under the experimental
eonditions, was 0.02 ug/m! for 2l three metais.

All supemnaunt samples were digesied with 24% tetramethylammonium
hyéroxide in methanol before znalyses. Digestion required 1 hr at 60°C in a
shaxing incubaror 2t a 1:50 (w/v) ratio of sample 1o base. Reagent blanks and
standard curves were analyvzed concurrendy. External standards were used.

Preparation and Fractionation of Tissue

With the use of 2 previously estabiished rc:?;njquc.” anestherized rats were
opened and their fungs perfused through the heart with the sucrose—Tris buffer

(pH 7.4} to remove the blood. The lungs were then wished § rimes with 2 10-ml

e - bufer via machesd.cannulaton to remove alveolar macrophages, lung surfacunt,

and any remaining cadmium oxide particles,®®™? aficr which they werc
szipped of the bronchi, rinsed, weighed. pressed, and homogenized (see “Resule .
and Discussion™). Kidneys were rinsed. weighed, and gansferred directly o th.
coid sucrose~Tris—HC) homogeniZiton medium. The respective organs for each
experiment were pooied before homogenization and fractionation. For some
experimenws the organs were frozen and stored ar —20°C before homogeni-
zation. - '

The homogenization and fractionadon procedure was an adaptation of
standard methods, ™ 7-***? ‘For each prepamation the orzans from five animais
were homogenized in 5 volumes of the above-mentioned sucrose—Tris—HCl
buffer followed by cencrifugation ar 12.100 g for 30 min 2nd 1000.000 g for 60
min to remove the subceilular corsponents. The supernatants from the
eenmifugation were ¢ither lyophilized or subjectsd to ulrraflltration before
further treacment, The final supernawnt fractions were usually analvzed
immedizzely for metais bur could be stored 3t —20°C withous aiteration in their
mezi concenmations,

Dltrafiltration

Concenwration to ons-thirg @f the criginai voiume was performed under
sitrogen at 30 psiav 4+°Cin a chin channei separator eguipsed with a UM-2 fiiter
{moiecuiar weight cutoff, 1000). The finai vitraiiizrare (sbout 15 mi) was rinsed
from the filter with 3 by 1 mi buffer and 2pplied directiv 1o the first coiumn
(Sephadex G-75).

Dialysis

Sodium carbonate buffer (0.001.41}, pH 7.4, was used for dialvsis ar 4°C. T}
ratio of buffer to supernatant was maintained at 20 : 1. The buifer was chang
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thres umes during 2 27-hr period. The celluiose giaiyvsis rubing (molecular weight

cutoff. 3500) was pretreated to remove contarninating mezal ions.?? 20 Larger

pore rubing {(molecular weignt cutoff, 6000 to 8000) was used in z second series
of experiments following the first senes (see **Results and Discussion™). For the
expenmentzl group exposed 1o CdO zerosols for 13 months, the orginal
prowoeol for dialysis was aitered to include the use of the ultrafiltradon
apparatus to dialvze the supernatanws. In this set, after centrifugation, the
soluble extract was concentrated and the ulwrafiimate was dialyvzed rwice in
succession within the same svstem with approx:matelv 20 voiumcs of the buffer

at 30 psic

GEL FILTRATION EXPERIMENTS

Estimation of Molecular Weights

For the estimadon of molecular weights of the mepal-binding proteins,
samples “weTé chromatographed at 4°C on Sepnadex G-200, G-100, G-75, and
G-30 in columns eouipped with flow adaprors for ascending and descending
chromatographv. The respective bed volumes were: 215 ml, 254 ml, 377 ml, and
+4 ml. Tris—HCI buffers (0.02V1, pH 8.6 and 7.6) were used at fiow rates of 6 1o
30 ml/hr depending on the gel, and fractions of 3 to 6 mi werecoilected.
Reference samples (about 1% of the bed volurne) were 0.2% in blue dextran and
conzained 0.2 to 4 mg/ml each of two of the reievant reference proteins. The
seven reicrence proteins used were (1) thyroglobulin, (2) cataiase. (3} aldolase,
(4) ovalbumin. (5) chymotrpsinogen A. (6) ribonuciease A, and (7) insulin, A
cadmium glutathione complex was also used for the Scpnadcx G-50 column.
Two to four reference proteins were fractionated on esch column preceding each
filration experiment. A standird curve was derived from a olot of log molecu!
uc"mr vs. eiution volumes.’’ Elution voiumes (V') were monizored sr 280 an
254 am.

Before gach exceriment ihe columns wers treated with the siution burfer
contamning (0.001LM) ortbo-phemzntiireiine to rermove IONIIMINAURE Tetlions.

Isolation of the £2-"-Binding Proteins
of the Lung and Kidney ©

Sampies of tas nondiffusibie, nonuitrafiiterabie moteridl from lung or kil

werz appiied 1o 1 volumn packed with Sephadex G-TF  Jine grade- ezuiiibrazes
wiis 0.02A0 Trs—HC busfer. oH 8.6, The =ifluent from ne ooiume was
monitored 4t 2537 amand codecied in 3- to 3-mislicuots, Sumpies were rur from
bottom 1o (op at a fow rate or 30 mi/hr. All experiments were periormed at 4°C.
The iractions were anaivzed for metal and zrotein™ where necessary and were
pooizd accerding to the metai-ion elution patierais). The pooied fractions were
concentrated with®an witrafiirration unit equipped wizh 3 UM-2 or UM-10 fiirer

g
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(depending on the rmoiseular weight of the fracion) before subseguern:
reapplication on the sucersding columns. Gel fiiragion experiments conductes
on Sephadex G-50 were performed with 0.024f potassium phosphate buffers. o=

7.4, All fractions that were not concenirated and reapplied to the succeeding

column(s) were lvophilized and stored at ~20°C. The resuits of several flizaue:
experiments will be discussed.

Light Microscopy

Tissue samples from the two groups of animals (three experimental animals
and threz conools per group) exposed o CdO for 9 and 13 months were takes
for evaluarion. '

For roudne cxaminations, tissues were fixed in formalin, embedded ix
panaffin wax, and sectoned at 8 um. The sections were stained wizh
hematoxylin and cosin.

RESULTS AND DISCUSSION

There was a prolonged latent period before fibrosis of the lung was appi .
by lighr microscopy. ~ For this paper, measurements were performed on
groups of animals exposed, respectively, to CdO aerosols for 9 and 13 montas, as
"well as on thew controls. There were no noticeable pathological changes due 2
the perfusion/lavage geamment of the lungs. At the light microscope level, tis
present observations correspond to those previously described * ¥ More specs:
ically, in the lung. fibrosis of the wall was presenr. extending into the adizcsns
aiveoli. There was also_infiitration bv ivmphocyias. Some macrophages wers
scattered throughout the alveoli. One rat showed a more advanced fibrosis.
Occasionally proliferative lesions were sezn in all exposed lungs. These consistec
of small_papiiloma-like excresceaces into the lumen of the temminal bronchiole.
They were made up of fibrous tissse with lymphocyde inflimates. The susaes
was coversd bv flar epitheiium. Significant fbrosis of the pieura was absest
Lungs . of the control rats showed ihe usual histoiogic struetire withou:
pathoiogie siterations.

The smucroscopic sxaminition of the lung of aii snimals ubmirted lter 1
months  exposure revesied an inzmzase in the (Ot the reeoirziess
S — - - e p——

bronchioles when cgmparss with anumais exposed for  monins, peoialoslaing
for fibrous tissue and muscie issue showed tRat the {idrous tissue wzs
coilagenous. No addirionai significant diffarences were present.

The microscopic examnation of the Kdnews using H & E stained secuons
revealed focal intersutizl meohritis with rare foci of fibrosis after 9 months
exposure. No additional changes were observed afier 13 months that couid be
atrributed to CdO. A slizht thickening of the Bowman's capsuie was observec iz
all animals. but it is 3 common fearure in rats at 15 1o 16 months.
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Previous work in these laboratories has established that, onec animais are
exoosed to the aerosois for severa] wesks. the majorin of the cadmium i
associated with the soiuble supernatant of the cells.”” Afier 9 months. caémium
leveis begin to reach 2 piateau in the lung. The sprroach to equiiiprive
concentrations of cadmium in the lung after this period has bess tenuivels
correiated with the appearance of lung pathology, which was only evicent aiter
this exposure. Light microscopic examination of the kicnews of these anirnais
indicated only_ isolated pathological changes, and equiiibrium concentrations
were not apparent in the kidney even after 13 months' exposure.

Biochemical fractionation of both organs has demonsirated some similarities
and differences.” Half the homogenates from 10 lungs and 10 kidneys were used
for the pregaration of the matenal subsequently described.

Duliysis experiments lasdng 24 hr were performed on the 100,000 X g
sugernzan: fracdons of both lung and kidney from the $-month exposure
pemiod. For this exposure peried, there were maximum losses of about l?_“’
30% of the cadmium, 18% of the available zinc, and 30 to 45% of the corper
from the lung E'...}pe:'nata.n-'r-_—ln the kidney, SImIr treatment vieided 2 45% loss of
csimium. 2 50% loss of zing, and 3 35% loss of copper (Table 1).

When the dialysates were separated on Sephadex G-75, the zotal recoven:
was 90 to 100% of that applied. The elution profiles of the supernatants froma
y §-month exposure group are shown in Figs. 1(a) and 2(a). Chromatography of
. these dizivsates indicated that cadmium was primaniv associatede with 2

Jow-molecular-weight componeat of about 12,500 in both organs (V. = about
225 mi). A disunct dificrence in the relative Tatios o metals was observed
_between the lung and kidney for this fraction. In the lung the cadmivm/zinc/
copper _mole raric was 38:8:1, whereas in the kidnev a considerzbic
rediswibution of the metals, presumably through metabdiic processes, was
evident in the respective mole ratios of 5.3 : 1: 4.6 for the same fraction. These

) ratios are expected to change somewhat with further purification. The apparent
- . .caémivmszincicopper moie ratio in the kidney mav be a reflection of the

Fresence of two isostrucTural proceins as has been previousiv odserved®® [n the

lung, this molecuiar-weight fraction represented 83% of the ssdmivm

the zinc. znd 18% of the copper put on ite cotumn. For tae Kiznet. -3__5__’5?:3::
ca€mmm. 8% of the zinc, and 42% of iz copper put on e fumn wers
recovered in ihis frzztoa. The moiar tanips of titratsble sujfnvcseizreunsT® e

menais in this fracnion were as foillows for the respective orpan Sraccicn:

=V (SH) =M (SHD ~MASH) =AM (SH)
oM O M Zn =M Cu &M Cd = Ix ~ Qs

Lung - 2.59 13.89 65.95 211
Kidney 436 21.20 .12 o

A higher-mojecuiar-weight cadmium-contaming companen: was 9dsemes

the lung. This traction represented 10% of the toral caémum. +0% of the zinc

e ————————

»

-~z
A o N

- — =
BEa - Tl Spapiis T




..J.n.,. 3 ... o
et

..h-« nn.VIWﬁmJ ;
..Mw%;m(.vﬁw A

i

o oscr oLy = TA

1y 10 oLt Tt nups
Sy MEH)AED)
£z LAY e W MU nsy > W oLl M ONE = A
ML TR R |
e [ ¥ (V] [ IFA 69 mug> Rz evorz = CA
U LUIRL IR |
[N R} 94T o ol 99 LILL P paEz Mot = A
‘7 MHLIEL)
L'ty 8zl o9 £l 6 Hui > pragl e ert s A
NRUUIBLEIE ]
TN TR |
g1 oy xapeiplay
£'Tol £98 | ra v 11 LAl ol T ten s e
anye meieuinlng
nt ool ool ool o 0oi wepeniing
NI
% % % % % % np ey
‘warel] e tutareng ") wz ™"
a pasaday sjonuny o

KAPLAN, ELACKSTONE, AND RICHDALE

AN ANV

I AIavyL

UNSOIXH NOLLV IVIINI OPD SILENOW 6 HILLEV :
ONN'T N1 SLNINOJIWOD UZ-QZ-:.ED_EC<U A0 S TR FALLVINASHILETY

o g S

f‘.‘_‘.ﬂ—-—f e

sy

reEmA

T ook




BS

l
L]
Z
2
-l
[ ot
ol .
. o
Z
. =
._ o
. a
-
4
c
Lo o
] . e . ..m
, w e ot Ul e . &' LIRLLY p=g LU - L L B iy oz A L s
o ) . IR .:m ]
W ¥l 6T [ ] [ (4" 6LS £y 1L [TV TT DT TP R 5 n s
m ’ ‘r [TRLA N "uq.n—
< |28 ¥4 1’61 L€ [ 14 {13 29 6’8 Ynt PN S afy - A ._n :
“ ‘f QI IR A V..—
> it 1y oy R £ TE it $°il Wz ULITT UTDT BN f
m , , LI TR YU 3
= Lt N..m Kol £y s _ "W .. o 'y (LR RN TY IR
O . . ! : ., i RN
- , i . '
; . [TUTLATT N
o . .
W ) . si ty vapeiptay
gt £sr L wse PHL T B N 3 il PO el
' - dug
il it O (1111 01 (L) K e e prudng

AN




KAPLAN, BLAC XSTON

E, AND BICHDALE

e { 1 | |

uv

AT 750 am
~ o,
[N I

B oy
ornw

AllSOIlI]ANCE
n

-
(=]

in

1
u

Lung, 9 montht eEx=oRre

0.0 : d — o
100 180 200 450 300 asg 400 450 £00 zzp 600 £50
. - ELUTION VOLUME, mi
= 8
| 1 4 ] [ | 3 i | R
42 -
|
g 20 e
g
[ Control ung
< 1.5 3
[
[x]
- { \
= .0 } -2
\
< .5 \ —-\1
ﬁ_c\- — - . - i . e
0 153 = 00 zzgp &K 253 : :z3 90 EEO
L TION VELUME, ™
-3

Fig. 1 Sephadex

G-78 gel eludon profiles of ot

supernatant fracgon Tom

the tungs of B 1a) exposed 10 C40 acrosols 1337.5 mgrm*) for ¥ monghs and

() their pared conmols. The coiumn (82 by
0.02M Tris—HA bufier. pH 8.6, 3t
were collected and analyzed for cd**

optical densicy at 250 Am.

gel figation. The €47 concenmation of the dial
and (b) 0.008 ugrml.

1.5 em)

), 2n* (2 Co
Bodh supernatants were dial

ysates W

was eiuted at &° Cwith
fiow rates of 30 mi/he. Fracrons (0 ml)
t ((3).and protein (),
vzed at 4°C before
ere (a} 20.53 yesmi

1AL, en

CUNGSE NInATION OF M

l:lINlIINIIIAIIﬂN OF MUTAL, ppir




Cad TOXICITY: BINDING OF Cd. Zn, AND Cu IN RAT LUNG 87
) i i i : : i 1 1 6
Kioney, § monthy’ eaposure
g2 3
4z R
E 77— f‘\o_v—o—g:-)—o—g\ -
Eao=— . —a 5
(& 'S
- -
< ™
s S ER
< =
H <
cl1.o— - -2 =
¢ - . -
< uv E
C
~ Lu =]
A— A A\
ao N e 0

100 180 20 250 20 50 400 450 SO0 £50 60 €50
ELUTION VOLUME. mi

{s)

1
~
[ ]

22}_ | 1 ] | i i - [ ' [

2.0 - d

- Control kidrney

—
"
|
i

w

o
»n
I
'!

1

ARSORNANCE AT 250 nm
Le)
1
1
3
CONCENTRATION OF METAL, pome

~
- -
o [ P ~. -
0.0 immm | | |
100 150 200 250 300 wo 400 450 500 £30 [0 o
ELUTION YOLUME, mi

{b}

&o

Fig. 2 Sephadex G-75 gel eluden profies of the sipernamat fFacvoen from
the kidnevs of ram {a) exposed 1o C40 serosois (347.5 merm ) for 9 months
and (b) ther paired conwols. The column (82 by 2.5 am) was eluesd at ac
with 0,024 Tris—HO buifer, pH 8.6, 1t flow rames of 30 mi/hr. Fracdors
(6 mi) were collected and anaivzed for C&P7 £, Za®™ (=) Cu®® D) and
protein (71, optcal densicy at 250 nm.  Both sipemaan werr diavzed at
4*C bciore gei flcacon. The Cd** concenTagon in S daivass wee )
5.5 pprml and (b) 332 sgrml. ;

and 23% of the copper. The malesuiar weight was 90.0C0 or zbove since e
————— ———————— A —————————

component ciuted close to the void voiume. A simiiar comrzonent was zzsent in
the kidney in lesser guantities. Cadmium has been srevicusiv observes o 3¢
bound 10 high-moiccular-weight components in tae liver following nigh inrecuion
levels *® Whether this fraction represents “spiilsge”™ from the scauestening
metallothionein or initidl binding to 2 large prote:n belore syntiesis of
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metallothionein® cannot be determined zt present. The svnthesis of aimas:
exclusively cadmium—thionein in the kidneys of radbits has been reporsd.”” it
is interesting that, undcr the conditions of the present experiment, Wiiil
represent chromc exposures, 3 fraction simiiar to cadmium~—thionein (by virTie
of its molecular weight, its meral and sullRvdn concentratien. amz =
ultravicier extincrion cocfficient ratio) was only observed in the Jung In e
kidney the anzlogous fraction contzined appreciadie quantities of goooer,

Dialyzable material from the kianey representing 30% of the o=
supernatant Cd®* and 20% of the toral protein was chromatographed e &
Sephadex G-25 column. The cadmium-binding fractions separated into Tw<
peaks: fraction 1, eluting in the void volume (6% total supernatant cadmiz
and fraction 2, cluting at 32 ml (20% toral supernatant cadmium). Bzt
fractions were concentrated and rechremaivgraphed on G-50 (Fig. 3), wiem
additional separation occurred

Figure 3(a) is the clution profile of the highes-molecularweight fracdez ©
from G-25. Two cadmium-binding components aze apparent. The first com
ponent, with 2 molecular weight of >10,000. has A, ¢ atr 275 and 05
(€myx.. +05). The cadmium recovered was 30% of that put on the column (1 ¢
2% touz] sipernatant éadmium). The second compaonent, with Vg = 45 ml ans
molecular weight of about 4500, has Aqay at 225 and 273 nm (Emax.. 2257 a7igme
appears 1o be 2 binary mixture since the Amax 2t 273 nm peaks at Vg = 25 :-.
whereas [Cdl -is at 2 maximum at V = 44 ml. The cadmium recovered was o2
of that put on the column (about 3% total supernatant cadmium).

Similar ulwaviolet absorbing components appesr in the elution profile showr
in Fig. 3(b), which originated as the lower-moiecuiar-weight fraction 2 Irer -
G-25. The third component, eluting at 64 ml (molecular weight of 2bour 700°
contains 25% of the cadmium recovered from the coiumn (Amay ., 225, 264, i
290; €mex., 225). and, on the basis of its ultraviolet spectrum, it appears to 22
purified constituent of the binary mixrure cluting at 50 ml in Fig. 3(al.

Fractionation of control-animal organs was identical to that of the prcc---~
.a:scnvno.n..Aftc' a 24-hr dialysis experiment. 43% of the available zinc aad 17
of the available copper were removed from the supernatant (100.000 x
fraction) of the control lung. The torai meul concentration at this point wi
0.18 zg'mg of protein. In the kidney, similar westment vieided no less -
cadmium. 3 35% loss of zinc. and a 10% loss of copper {Tabie 1). The totai meu:
concenation was 0.67 ug mg of protein it this suage.

The Sephadex G-73 siution profiies {or the conrol animais sre shown in .-.g

15} and 2(b). The vast majoriry of the protein in control lung and kidney =.u:
in the void voiume of the coiumn, although 1 smail amount of materiai = ==
12.000-moiecuiar-weignt range is observed in the kidney.

Further fracrionation of the high-molecular-weight lung proteins on
dex G-100. with similar treatment to that descrived in Fig. +{b) (flow
mi/hr), vielded two peaks: {1) a low-molecular-weight (<25,000) compen=
that represenred the majority of the protein and (2) a high-molecuiar-we:z
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Fig. 3 Sephadex G-30 wparation uf diaivzable componens from the kidneys
Of rats expoyed to CJ0 for ¥ munchs. The column dimensions were .8 em by
30.0 cm, Elutions were caried vut ar 4°C with a) 0,025% phosphate buffer
pH 7.1 and (b) 2.022¥ Tris—HC! burfer pH 7.3 at flow rates of 18 mithr (3
mi/fracdon). a1 Materiai coflected from fractions 4 10 6 of dhe preceding G-25
fileragion (4.07 «g C3°°/mi). (b) Material coliected from fracdons 7 to 15 ar
ghe preceding G-25 filzadon (11.0 ug Cd*/mi) (see 1ext).
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(>150,000) component thst was present in smail guanticies. The kigaew proteins
have not been purified on G-100 1o date. ' , '

Because the inresscizia) disesse observed by [ight microscopy was oniy
moderately advanced at the =nd of 9 monchs, onc expermental group was left in
the chamber for 15 months. Fractonaton of zhese organs was identical 1o that
of the preceding description except that diaivsis was performed througn he u
of an ulrzTiostion appartms eguipped with 2 UM-2 membrane (molecuiar
weight cutoff, 1000).

Dialysis-via ulafiizaton of the lungseicbic supernatant resulted in 60% of
the avilable cadmium, 40% of the avajlable zine, aad 25% of the availabie
copper being removed (Tedble 2). The mezl concenzation in the remaining
dialysate was 0.27 2g/myg of protein. ldengeal Teaument of kidney supernatant
removed only 18% 4%, 20% Zn**, 20d 10% of the available Cu® (Table 2). The
mesal concsnmadeon in the remaining dizlysiie was 0.74 pg/mg of protein. The
G-75 and G-100 chugon profiies for the diaivsates of each organ are shown in
Figs.  and 5. As can be ceduced from Tabie 2. the toul recovery of C£* from
the G-75 column was 58% of that zpplied for the lung and 100% of thar appiied
for the kidney.” 7~ -

The most resharkable change nored in the lung supernatant was the virtual
absence of a fracdon with 2 molecular weight corresponding o that of
metallothionein. The two cadminm-binding fractions present correspond to
molecular weights of > 150,000 (void.volume cluzion) and 3900 (fraczons 1 and
4, respecavely, in Table 2). Chromatography of the first on G-100 [Fig. 4(b)]
resulted in further separation of this high-molecular-weight fracton intp WO
mezal-coneining components, each representng § to 6% of the original
supermamat cadmium if we adjust the figures to 2ccount for the low G-75
column recovery. Fracton 4, eluting at 410 ml from G-75, represented 22% of
the total csdmium in the supernatant and had a molecular weight of about 4000
wich £250/280 & 1.5, 3s did the small fraction cluting at 425 ml from similar
cearmest of the S-month Jungs [ses Fig. 1(2)].

The G-75 ge! fiizsdon of the kidney diaiysate separated aprroximarely the
sarme number of memli-binding componemts as were observed at 9 months’
exposure. dthough the relamve proporudoas wers altared [Fig. 5{a)]. Afrer 13
—onths 3% of the svaiabie G377, 32% of the availzbje Cu®t and 1% of the
svajiznie 2n°° wers recovered in 1he low-moiecuizrweight memllothicnsindike
fricvion I (molesuist weight of 10,500 with €250/280 = 1.6). Table 2 lists the
represestative recovery of €3¢h mesai 2nd the ot protein in the individud
fractions Srom tne coiumns. Thus fraction 1 (Ve = 135 to 223 mi) tontained
18%. Sraetion 2 (Ve = 223 1o 190 mi) contzined 10%, and fraction 3 (V' = 360
to 375 ml) contained 9% of :he total supernarant cadmium. Fracrion 1 was
concentrated and further separated on Sephadex G-100 {Fig. 5(b)]. Cadmium
recovery was 85% of that appiied. Whereas the lung appears to possess two
high-molecular-weight metal-binding proteins {Fig. +(b)}, the kidney appears 10
contain 3 or possibly 4, togerher totaiing 16% of the available Cd**. The smail
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fraction with an eludon voiume of aboutr 250 to 300 ml in both Figs 4(b) and
5(b} corresponds 10 2 molecular weight of <25,000.
[ We call artention to the pathology of the lungs from this larter group of
| animals, which were previously described as being in a definitive state of fibrosis.
| Becsuse the lungs z2re quite fibroue, homogenizarien of the tissuc is very
\ difficult and the yicld of extractable soluble protein is reiatively low. Likewise,
, the cadmium concentration (2.36 ug/ml} in the soluble supernatant is much
lower than that measured in the lungs of animals exposed for only 9 months (5
to 13 pg/ml). This does not explain, however, the absence of low-molecular
weight (10,000 ro 12,0600) components or the presence of a substantial
percentage of dialvzabie cadmium. Further work is in progress.

-
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Organ Distribution and Protein Binding of Cadmium in
Autopsy Material from Heavy Smokers
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spepurtment of Occupational Medicine and *Clinical Research Center. Linkoping University
Hospaal, 5-38185 Linkoping. Sweder
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Male heavy smokers were autopsied within 3 days postmoertemn. Samples from kidney,
liver. and lung were taken for analysis of cadmium levels and degree of protein o:nding
wihin Lhe eviosolic fraction. The levels in lung, liver. and Kidnev were 0.50 = 035 (X =
SEMI. 221 = 0.63, and |74 = 88 up cadm;umg wel ue:ghr. tissue, respectively, In liver
and Midney. approximately ly 755 was bound 16 2 low-molecular-weight proiein whereas the
corresponding figure for the iung cvtosolic fraction was 365, a difference being statisticaly
sgnificant (P < 0.05). After concenration of the low-molecular-weight cadmium-tinding
proteints) (CABP) by ultrafiliration and preparative isoclectric focusing in a granulated gel.
the cadmium apptared in one single band with pl values of 5.8 (lung and liveri and 6.0
(kidney). respectively. It is therefore conciuded that human lung exposed to_cadmium. in
this case via cigaretie smoke, contains a CdBP. which binds cadmium. The relative degrec
of binding 15 less in lune thap in liver or kidney, lmghgj_ung that the mgta! could be more -
ioxic 1o the lung than to liver or kidney, as the protein probably serves a tole in detoxifying
cadmium.

INTRODUCTION

Prolonged exposure 1o cadmium has been shown to cause accumulation of-the
metal mainly in the kidneys, which probably also is the main target for the toxic
action (Baader, 1952; Bonnell, 1955; Kazantsis er al.. 1963}. Pulmonary emphy-
sema has also been shown to be developed in workers after prolonged high-dose
exposure to cadmium by inhalation of contaminated air (Friberg e al., 1974).
One possible mechanism underlying the development of pulmonary emphysema
involves proteolytic attack on the tissue by endogenous proteolylic enzymes,
because proteases, instilled into the fung through the trachea, produce emphy-
sema-like lesions (Gross ef al.. 1965). The emphysema caused by inhalation ex-
posure to cadmium could thus be mediated by proteolytic enzymes from cells in
the lung. The studies by Henderson and collaborators have not clearly demon-
sttaled such an effect by cadmium, however, when the metal was instillaied as a
“olution into the trachea (Henderson er al., 1979).

A protein with specific cadmium-binding ability. metaliothionein, has been
demonstrated mainly in liver and kidney cytosolic fractions. This protein plays a
“entral role in the intracellular metabolism of cadmium (Nordberg e al., 1971)

v Cbgta[ing the metal ions in the tissue. and in this way it is believed to protect
Mnsitive metabolic functions of the cells. Cadmium-binding proteinisi similar 10

1 .
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TABLE )
INDIVIDL ALS ALTOPSIED

Time between death

Age and avtopsy
Inntialy {years) tdaysi Primary cause of death
K.K. 78 i . Bronchial pneumania
B.-0.E. 69 4 Cardiac nfarction
B.L. T 2 Puimonary edema
AR. 65 3 Subarchnoidaj bieeding
ES 78 K} Pulmonary cancer with metastases

methallothionein have been detecied in syrian hamsier lung (Benson and Hen.

derson. 1980} and in several cell lines derived from pulmonary tissue (Cox ang

Waters. 1978: Hart and Keating. 1980: Hildebrand and Cram. 1979). The proteins

have been shown to be synthesized de novo on exposure to an aerosol of cadmium
chioride (Post er a/., 1982). An alternative explanation to that of proteolvtic attack
on the lung. couid either be that the lungs in man do not synthesize the CdBPin
lung at exposure, or that the amount is not sufficient to bind all the accumulated

metal in the lungs. In both cases. the Cd** ions would be free 10 excert their

loxic action on the tissue. The aim of the present investigation was therefore (1)
t0 see whether man exposed to cadmium via the airways has detectabie meta-
Jothionein-like proteins in the lung and (2) whet!.2r the Cd*~ jons persist in the
lung tissue in their {ree or bound form. Heavy smokers were used as source for
lissue specimens postmorten. as this category has an elevated body burden of
cadmium due 10 contamination of the tobacco (Elinder er al.. 1976).

MATERIALS AND METHODS
Five heavy smokers autopsied at the Department of Clinical Pathology at the

Linkoping University Hospital were investigated. The age and cause of death are
listed in Table 1. The time between death and autopsy was 3 days (mean) withi
range of 1 10 4 days. The bodies were kept at +4°C until autopsy was performed. ;

In subject E.S., who had a pulmonary cancer. the material used in this study was

noncancerous. The material was frozen and kept at ~20°C until processed fur -
ther. A freeze-pressing techaique (Edebo. 1960) was used for homogenization. A

buffer containing 0.25 M sucrose, 0.01 M Tris-hvdroxymethyl-aminomethant

(Tris). and adjusted to pH 8.6 with hydrochloric acid. was added in equal weight

to the tissue before the homogenization. The homogenate was centrifuged 2!

130.000¢ to isolate the cytosolic fraction of the tissue. Sarmpies of this and the .
crude homogenate were saved a1t —20°C for later analvsis of protein content and .
cadmium level. A sampie of the cytosolic fraction of lung. liver. and Kidney from .
each individual was applied to a 2.8 x 63-cm Sephadex G350 column. The samples .
were eluted with & 0.01 M Tris—HC! buffer (pH 8.6) containing 0.02% sodium
azide. Samples of 11 ml were collected to later be monitored for protein, mea .

suring the absorbance at 280 nm in a Pye-LUnicam SP-500 uv spectrophotometer.
The cadmium levels were determined using an Instrumentation Laboratory S5
atomic absorption spsctrophotometer equipped with a graphite furnace (Instry- .

R 4
L]
.




I, ‘._.-..-.._.....1

[PV,

[P N N LI LU S

-,

vr e e e e

L

TISSUE BINDING OF CADMIUM IN MAN 3

memtation Laboratory 555) and an automatic sampler (Instrumentation Labora-
ory 2541, The method gave acceptable signal-to-noise ratios fbwn 10 | ng/mi
ample. The samples from the column containing CdBP were pooled. concen-
yrated using a Micropore UM?2 ultrafilter, and later characterized funher by iso-
dectric focusing.

Flat-bed fsoelectric focusing was carried out with the use of an LKB Multiphore
spparatus coupled to an LKB power supply (mode] 2103). Cold tap water was
gsed 1n order to muintain the cooling plate and the gel at 2 temperature of + 10°C.
The clectrofocusing was run in a granulated gef bed composed of 6.6% Ultrodex
LKB) and 2% carrier ampholytes (LKB Ampholines) covering a pH range of
1.5-10.0. Samples of 1.0 m! concentrated and pooled CABP from the individuals
were mixed with the gel slurry before being added to the gel plaies. The electro-
{ocusing was run for approx 22 hr al 2 constant power of 5.2 W with an initial
yoltage gradient of 20 Vicm. After completion, 2 grid was appiied to the gel,
Jdividing it into 30 fractions. The gel from each section was removed, voriexied
in a plastic tube with 1.0 mi of distilied water, the contents were cooled 10 +10°C. -
nd the pH was measured with a combined glass/calomel electrode. The gel shurty
was then filtered to remove the solid matrix and the liquid phase assayed for
vadmium content.

RESULTS

The individuals examined in this study all had their highest levels of cadmium
i the kidneys, followed by the liver and lungs (Table 2). The kidneys also showed
a larger variation in the cadmium levels than the other two organs. The levels in
kidney varied between 9.1 and 30.4 ug/g wet weight tissue. while the corre-
sponding values in liver and in lung were 1.3-2.8 and 0.2~ [.1 ug/g. respectively.
Figure | shows three individual curves from the Sephadex G50 column. Part of
the cadmium eluted from the column in the high-molecular-weight protein peak,
and part of it at an elution volume around 1000 ml. where no peak was found at
130 nm, indicating that the cadmium-binding protein(s) in this region were similar
10 metaliothionein in having no aromatic amino acids. The value of the relative
Jdistribution of cadmium between the high-molecular-weight protein (HMWP) as
estimated from the Sephadex G50 chromatography and the CdBP similar to me-
laliothionein was larger in lung then liver and kidney (Fig. i and Table 2). The
CdBP peak (Fig. 1) from each organ was concentrated and 1 mi was applied to
*he isoelectric focusing bed as described under Materials and Metheds. A single
Jdistinct peak of cadmium binding was found in all cases, having pl values of 5.8
‘lung and Jiver material) and 6.0 (kidney material), respectively.

DISCUSSION

The individuals autopsied in the present investigation all had a level of cadmium
" kidney around 30 mg'kg wet weight and less. which is far below the 200 mg/
.2 Teported to cause toxic reactions in the kidney (Friberg er al., 1974). It is.
"owever. comparable to levels found by others in tissue from heavy smokers.
:\h:rc the tobacco has been shown to cause an additional source of cadmium to
M general environmental background levels (Elinder ¢r ol., 1976). The material
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TABLE 2
T1ssUE LEVELS OF CADMIUM AND THE RELATIVE BINDING TO THE Low-MOLECLLAR-WEIGHT CABP
AND THE HIGH-MOLECLLAR-WEIGHT PEAK (HMWPI AccORDING TO GEL FiLTRATION iSEE FIG. |1,
individual —
K.K. B.-0O.E. B.L. AR ES.  Mean = S.EM
Lung . o
Total amount (ug g .
wet weight tissue) 0.2¢ 0.20 0.51 1.09 0.4 0.50 = 0.3%
Amoun: bound to i
CdBP %) 3] 62 68 65 52 56 = 12
Amount bound 10
HMWP (%) 69 38 32 15 48 44 = 15
Liver :
Total amoun! (pg'g -
wet weight tissue) 2.63 .3 1.79 2.5 2.7 2.2 = 0.63
Amount bound to
CdBP (%0) 66 63 s 80 81 *76 = 11
Amount bound to
HMWP (%) M 7 12 20 19 "4 =11 :
Kidney !
Total amount (ugg
wet weight tissue) 9.07 16.73 20.83 30.39 9.86 17.00 = 8.76
Amount bound 10 )
CdPB (%) 70 84 4 7 70 *% =7 )
Amount bound 10

3 . HMWP (%) 30 16 16 28 M. =T
‘ * P < 0.05 (paired 7 1es1) compared 1o ung.

—

in this study is far too small, however, to permit any conclusions to be drawn
about the role of cigarette smoking in cadmium accumulation in man. However,
‘the aim of the investigation was to give the binding charactenistics of the metal
1o different protein fractions in lung, liver, and kidneys.

It is evident that lung tissue. as well as liver and kidney tissues. contain 2
protein in the iow-molecular-weight range which binds cadmium 10 a high extent.
Using ge! filtration and isoelectric focusing. the protein(s) have been shown to
have a molecular weight in the range of 10,000 Da. which is similar 1o metallo- !
thionein, and the absence of absorbance at 280 nm indicates another similanity.
The pl values of the single peaks appearing at isoelectric focusing (Fig. 2) were
5.8 for lung and liver and 6.0 for kidney cytosolic CdBP. These are higher values
than previously reporied for rat and rabbit liver. from which two forms of me-
tallothionein with pl values of 4.2 and 4.7 have been isolated (Cherian. 1974
Nordberg ei al., 1972). The possibility exists. though. that the single peak ob-
tained in this study would have separated in two bands in 2 narrower pH gradient.

Metallothionein has been proposed to play an essential role in the detoxification |
of cadmium (Piscator. 1964). The presen: investigation demonstrates a protein
component with low molecular weight. The separation characteristics of the pre- .
tein. or possibly the protein complex of the lung cytosolic fraction are similar 1¢ :
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FiG. 1. Typical pel filtration chromatography in a 28 x 63-cm Sephadex column of‘.:;sue c:::s?’i:;:
*=aion from one of the autopsied individuals (E.5.). 12) Denotes absorban;e at 3 0ru'l.'; and ¢
-admium concentration in the fractions. {a) The elution patiem after appllncauon ?f 8.‘_ mf tu’i ny
“alic fraction, (b} Afier 8.0 mi liver cytosolic fraction. (c) Afier 2.0 mi kidney cylosouc ra .
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that of liver or kidney. 11 is therefore likely that this protective factor against the
toxic action of cadmium is present in human lung as well. It is interesting to note,
however. that the cadmium-binding ability of lung tissue is less than that of live:
or kidney tissue (Table 2). This could be an indication that the lungs are les;
capable 10 protect themselves against cadmium. A 1empting speculation is there.
fore that individuals with subnormal capacity 10 synihesize the metallothionein.
like protein are more susceplible 10 the 1oxi¢ action of cadmium. A recenlly
published study on the production of low-molecular-weight cadmium-binding pro-
teins in the rabbit fung has shown this to be a rapid process. and that all cadmiux
is bound o the proteins within a few hours (Post ef al., 1982). The material takez
postmoriem in man was from old males. however, who had been exposed to largs
quantities of cigaretie smoke. It is therefore not certain that their capacity 1o
resynthesize the CdBP is sufficient. Another interesting aspect of this and other
studies showing a lung CdBP. is that this CdBP could serve as a means of trans
porting the metal directly to the kidneyvs as has been indicated by others {INorg.
berg and Goyer. 1975; Johnson and Foulkes. 1980). Different capabilities to induce

the protein could therefore give different body distribution of cadmium after de.
position in the air passage,
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PACIFIC GAS AND ELECTRIC COMPANY
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August 20, 1986

Mr., William V. Loscutoeff
chief, Toxic Pollutants Branch
Air Resources Board

P.Q. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Comments on. Cadmium Risk Assessment

Pacific Gas and Electric Company appreciates this opportu-
nity to comment on the Air Resources Board (ARB)/Department
of Health Services (DHS) June 1986 Cadmium risk assessment.
‘ We recommend that the DHS' Part B risk assessment be revised
. to: -
1. state that the data are consistent with a threshold
below which there is no risk from expeosure, and
that the range of risk is zero to 12 cases per

million persons exposed to 1 ng/m® over their
lifetime;

2. more clearly acknowledge that the unit risk
recommendation ig based upon the staff's
no-threshold policy rather than any scientifically
conclusive determination; and

3. recommend the use of the DHS' "best" risk estimate
rather than the use of the DHS' "upper bound" risk
estimate. '

We recommend that the ARB's Part A source asgsessment be
reviged to:

4, address ship, railroad, and airplane cadmium
emissions which a California Energy Commission
(CEC) staff report indicates may be about nine
times higher than the corresponding stationary
. source emissions;




Mr. william V. Loscutoff -2 August 20, 1986

5. clarify in Tables IIT and IIl-1, and in the text .
on page I1l-6, that one category, industrial
boilers, contributes 70 percent of the total
residual fuel oil combustion emissions and
60 percent of the total oil combustion emissions
identified; and

6. explain why the ARB estimate of industrial boiler
residual fuel use is three times higher than the
corresponding CEC staff estimate.

We cannot overemphasize the importance of revising Part B to
include a scientifically objective presentation of the

. cadmium threshold alternative. As discussed more fully in
Attachment A, we urge DHS to estimate the threshold below
which there may be no risk, and to use this threshold
alternative in their range of risk estimate, Attachment B
contains excepts from the 1985 Environmental Protection
Agency (EPA) Cadmium Update which illustrates how such a
threshold model comparison could be more objectively
presented. We alsc note that Southern California Edison
raised this issue in their January 21, 1985 comments (see
ARB Report, Part ¢, SCE, page 6, bottom paragraph}.

We disagree with the DHS recommendation that the upper bound

. risk estimate, rather than DHS' own “best' risk estimate, be ‘
used to estimate risks. UDHS' reasoning that the upper bound W&
risk is more appropriate because it provides an extra safety
factor to protect “sensitive' populations and to protect

against risk of death from cancer at other sites has not

been scientifically justified. No data are cited indicating

the existence of more sensitive populations. Also, there

are no data that indicate increased risks of deaths from

cancer at other sites (see revisions to Part B, page 63).

Please note that EPA concluded that the use of the upper

bound risk would be "an unnecessary added level of

conservatism" (see EPA, page 163 in Attachment B).

Our comments on Part A are detailed in Attachment C. The
applicable portion of the CEC Report referenced is attached
as Attachment D. Please call me at (415) 972-6801 or J. T.
Holcombe at (415) 972-6910 if you have any questions about
these comments.

Sincerely, -

Attachments %/Z/V/Wl
/!




ATTACHMENT A

PART B QOF THE JUNE 1986 CADMIUM RISK ASSESSMENT
SHOULD BE REVISED TO STATE THAT THERE MAY BE
A THRESHOLD BELOW WHICH THERE IS NO RISK
FROM EXPOSURE, AND THAT THE RANGE OF RISK IS
ZERO TO 12 CASES PER MILLTON PERSONS
EXPOSED TO 1 ng/m?

In its 1985 Cadmium Risk Assessment Update the United States
Environmental Protection Agency (EPA) properly addressed the
likelihood that there could be a threshold for cancer risks from
cadmium exposures. EPA concluded that its simple threshold model
adequately fit the data.! EPA further concluded that:

1. There is no solid scientific basis for any mathematical
model that relates carcinogen exposure to cancer rigks
at the extremely low concentrations that must be dealt
with in evaluating environmental hazards;® and

2. An empirical threshold model that is also consistent
with the observed data gives a unit risk estimate of
zero? at typical ambient exposures. |

In California, the Department of Health Services (DHS) 1is
required to estimate Ythe range of risk to humans resulting from
current or anticipated exposure”.? We believe that referg to
the full range of risk, which in this case should be stated as
zero to 12 cases per million persons exposed to 1 ng/m® of
cadmium. Although the DHS qualifies its estimate of 2-12 cases
per million by stating that “the actual risk may lie in or below
that range"®,” this ig not sufficient since other experts have
acknowledged that a zero risk estimate could be equally valid.
specifically, EPA has estimated that a constant lifetime exposure
o 10 pg/m® cadmium would not cause any risk under the threshold

1 Updated Mutagenicity and Carcinogenicity Assessment of
Cadmium, EPA-600/8=83-02 5F, June 1985 (final), page 159
attached.

2 EPA, page 138 attached.

® EPA, page 8 attached.

4 Health and safety Code Section 39660(c).

5 DHS Revisions to Part B, "Report to the Air Resources Board
on Cadmium Subnitted to the SRP for Review, page 4a.




model.® Since the highest average ambient concentration reported
in the Part A Report was only 10.8 ng/m®, the reported
concentrations are a factor of one thousand below this plausible
threshold, and a zero risk estimate is far more likely --
‘particularly since there is relatively little evidence that
cadmium is particularly mutagenic even at high concentrations.

DHS seeme to assert that since “the carcinogenic activity of
cadmium mway occur through & mechanism for which no threshold
exposure level existg"? (emphasies added), there is no need to
present an objective evaliuation of the likelihood that it may not
occur through such a mechanism. DHS should clearly acknowledge
that there is no data establishing that threshold mechanisms
could not predominate, and follow EFPA's example and present an
alternative threshold model which would best fit the data. DHS
Tables 1-7% and 1X-6% should be expanded tc include comparative
risks at ambient concentrations under the alternate threshold
assumption in a manner similar to that presented in EPA
Table 26.8 Similar comparisons should Dbe included in DHS
‘Table IX-21°'11, pigure IX-1!2 and Figure 1-113. For clarity,
the least squares fit data'* should be tabulated in a manner
similar to that shown in EPA Table 25!%, Similazrly, the DHS
should follow the EPA Table 25 example on observed versus
predicted data comparison by revising DHS Table IX-4'% to also
include a comparison with the incidence that would be predicted
by the threshold model, not just with the incidence predicted by
the linear no threshold model,

8 EPA page 162 attached.

7  DHS Revisions to Part B, page 47.

8  DHS Revieions to Part B, page 6.

$  DHS Revisions to Part B, page 65.

10  pHS Part B (with revisions), page 84.
11 DHS Revisions to -Part B, page 66,

12 DHS Part B (with revisions), page 85,
13  DHS Revisions to Part B, page 7.

14 DHS Revisions to Part B, page 62.

!5 EPA, page 160 attached.

1€  DHS Revisions to Part B, page 59.




1f the DHS staff recommends a linear non-threshold upper bound
range of risk estimate, any such recommendation should be clearly
identified as being based on policy, not on a scientific
determination. Furthermore, any such recommendations should only
be made after DHS has objectively presented the full range of
plausible alternative risk estimates =-- including the EPA
threshold model risk estimate. Risk managers need to know the
relative likelihood of such a zero risk alternative so that they
can consider the relative uncertainty of different upper bound
risk assessments when faced with competing risk, management
alternatives. :

//B=3//




ATTACHMENT B

EPA-600/8-B83-025F
June 1985
Final

UPDATED MUTAGENICITY AND CARCINOGENICITY ASSESSMENT OF
CADMIUM

Addendum to the Health Assessment Document for Cadmium
(May 1981) EPA-600/8-81-023

Office of Health and Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
Washington, D.C.




Quantitative Assessmeant

Since humans are exposed to cadmium dust or fumes, and the rats used for
study were exposed to cadmium chloride aerosol, & timitation inherent in the
use of such studies for estimating human risk is the possible difference be-
tween humans and rats with regard to lung retention o? particulates, .or betwsen
the biological effectiveness of cadmium cbloride aerosol administered to rats
and the dust and fumes inhaled by workers, Since the data are not clear on
this point, assumptions of equal lung uptake and equal effectivaness have been
made herein for the purpose of arriving at an assessment of the human risks,

Given these assuymptions, combined with other assumptions and conventions
used in quantitative risk assessment procedures, the Takenaka et al. (1983)
data on lung carcinomas in rats during lifetime inhalation exposures to cad-
mium chloride aerosol were analyzed. As a result of this analysis, the upper-
bound incrementadl cancer risk tb humans who continuously bresthe 1 pg/m3 of
elemental cadmium for a lifetime s estimated to be 9.2 x 10-2,

Based on respiratory cancer rates from the Thun et al, (1985) study of
cadmium smelter workers, and using a linear mode) that is consistent with the
data, the upper-bound incremental cancer risk from lifetime exposure to 1 ugfm3
of cadmium in the air is estimated to be 1.8 x 10+3,

The 95% confidence bound on this estimate, which takes into aécount only
the statistical variabflity of the cancer rates, gives a range of 3.5 x 10-3
to 1,7 x 104, However, this range does not account for possible deviations of
the true {unknown) mod;1 from the linesr model or of actual exposure from esti-

mated exposure., For example, an empirical threshold mode) that s 3l1so consis-

tent with the observed data gives & unit risk estimate of 2ero, Even with the

uncertainties surrounding the estimate hased on human data, it is felt that this

— ‘
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. (PIANTITATIVE ESTIMATION
;o

INTRODUCTION

Tnis yuantitative section deals with the unit risk for cadmium in air
and tne'potency‘of cadmiun relative to other carcinoyens that the Carcinogen
Assessment Group (CAG) nas evalusted., Tne uhit risk estimate for an &ir pols
lutant i¢ defined as the incremental )ifetime cancer rigk occurring in a
hypothetical population tn which all tndividuals 8re exposed continuously
from pirth throvghout their lifettmes to a concentration of 1 ug/m3 of the
agent in the air that they breathe, These calculattons are done to estimate,
1n guantitative terms, the ympact of the agent as 2 carcinogen, Hnlt risk
estimates are used for two purpﬁses: 1) to compare the carctnoyenic petencies
of several agents with each other, and 2) to gfve & crude {ndication of the

mucpulation risk that would be associated with air or watar exposure to these
dgents, iT the actual exposures wers kndwn, V

The data ysed for quantitative estimation are taxen from one or both of
the followiny: 1) lifetime animal studies, and 2) human studies where excass
cancer risk has been associated with exposure to the ayent, In animal studies
{t {¢ assumed, unlass evidence exists to the contrary, that {f a carcinoyenic
rESPONSE SCCUrs at the dose lavels used in the study, than response will also
occur at all lower doses with an incidence cetermined by the oxtrepolation
model,

There is no solid scientific basis for any mathematicsl extrapolation

mode! that relates carcinoyen exposure to cancer rigks 2t the extremely low

concentrations that must be dealt with in avaluating environmental hazards,

For practtcal ressons, such low levels of risk cénnat be measured directly

.aither hy animal experiments or by gpidemtoloyi¢ studies, MWe must, 'therefore.

138

lllIlIllIIIIlIIIIIlllIlIlIllIlIIlI.--...;......-.----.-.-.-.;-.-;--------



B4
An estimate of a* = a x 106 is obrained from thé equation

0. 2.35 " 29,63 39,09 .
10.99 = NTT + 1,18 6 4,61 + 4,23 o> Y 2.50 + 5.0B A%

which has the solution a* = 0.642 so that a = 6,42 x 10*7, The ¥ (&) 15 esti-
msted to be v (a) = 1,27 x 20°13 50 that NV (5) = 3.86 x 10-7, and the 95%
upper and 5% lower confidence bounds are &pproximately , = 12.26 x 10~7 and
s, = 0.58 x 10‘7. respectively. It should be noted that this measure of varia.
bility only takes into account random sampiing error, It does not account for
potential error'due to an assumed incorrect model or biased exposure eétimates.
To show how & different assumed model could influence risk estimates, the
following ad-hoc "threshold" model can be considered. This model {s not based
on any biological informatfon, It simply uses the highest dose group with no

pbservable statistically elevated risk as the threshold &na assumes linearity

in accumulated dose beyond that point. It is assumed that .
0 %X < 1754
h(t} =
& (¥ - 1754) 1754 < X

whéere 1754, the guessed-at threshold, is the boundary point of the maximum

exposed group in pg/m3-years. For this mode) an estimate of & fs
& = (7 -2,5) ¢ (25622 - 1754) x 2214 = 2,65 x 10-6

In Table 25 the fit of each model is shown and evaluated using the X2

goodness~pf-fit test.

We note that both the “threshold” and linear models give an adeguate fit

to the data, As a result, arguments other than purely statistical must be

used to select the appropriate model,
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TABLE 25. GOODNESS-OF-F1T MODELS FITTED TO THE THUN DATA

Exposure
interval

ug/m3-years

Number of cases expected under
linear model using as the
estimate of parameter & the

Expected number of cases
under threshold model

a = 2.65 x 10-6 if x> 1754 Observed

midpoint Lower bound MLE Upper bound a=01if X <1794 '

< 350 3.84 4.53 5.21 3.1 2
{168)

351-1754 4.85 1.33 9.80 4.51 7
{727) _

> 1754 2.82 6.08 9.34 7.00 7
(2522}
X2 goodness-of-fit statistic )
7.971 1.567 3.364 2.9070

SOYRCE: Thun, letter of April 10, 1984; Thun et al,, 1985,

Sg
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TABLE 26, ESTIMATED RISKS FOR VARJOUS MODELS BASED ON THUN DATA

Risk due to a constent lifetime exposure of

Model used 1 ug/m3 10 yg/m3 100 ug/m3

Linear nonthresholag

Upper bound 3,5 x 10-3 3.4 x 102 2.9 x10-1
MLE 1.8 x 10-3 1.8 x 10-2 1.7 x 10+1
Lower bound 1.7 x 104 1.7 x 10-3 1.6 x 10-2
Threshold model 0.0 0.0 3.7 x 10-1
April 1984 model? 1.9 x 10-3 1.9 x 102 1.7 x 10-1

3ysed in the External Review Draft of the Updated Mutagenicity and Carcinogeni-
city Assessment of Cadmium, prepared by the Office of Health #nd Environmental
Assessment, U.S, Environmental Protection Agency, April 1984,

SOURCES: Thun, letter of April 10, 1984; Thun et al,, 1985,
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unit risk estimate of 1,8 x 103, A niyher estimate of 3,5 x 10°3 would be

pbtained if the 954 upper bound of the parameter were used, However, it 1s

felt that this is an unnecessary added level of consaervatism, since the model

used already inflates the risk estimate 1f nonlinear components exist or

confounding fuctors are present.

“The unit risk estimate based on the animal bioassay, 9.2 X 10+2, also
gives a higher estimate. However, species differences and cadmium form dif-
ferences make an eStimate'from this source intrinstcally less reliable than
the ong derived from the assumed human exposures, In addition, 1t must be

kept in mind that these are upper~bound estimates, The true unit risk could

range from this upper bound to 2 very small valye approaching zero.

RELATIVE POTENCY

One of the uses of the concept of un1t.r{sk 1s to compare the relstive
potencies of cércihogens. For thg purposes of the preseﬁt analysis, potency
1s defihéa &Q'iﬁ; i?;éﬁé ﬁorfibﬁbbf the dose-response curve, and is ﬁsed to
calculate the required unit risk factors, In this section, the potency of
~ cadmium {§ compared with that of other cheﬁica1s that tha CAG has evaluated
3 sﬁspect carcinogens. To estimate the relative potency on a per mole
basis, the unit risk slope factor 1s multiplied by the molecular weight and
the resuiting number, expressed in terms of (mmol/kg/day)=1, 1s called the
relative potency index.

Figure 2 {s & histogram representing the frequency distribution of rela-
tive potency indices for 54 chemicals that have been evéluated by the CAG as
suspect carcinogens, The actusl data summarized by the histogram are presen-
ted in Table 27, Where human data have bean availabla for a compound, such

data have baen used to calculate these indices. Where no human gata have been
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ATTACHMENT C

PART A OF THE JUNE 1986 CADMIUM RISK ASSESSMENT
SHOULD BE REVISED TO INCLUDE BUNKER C FUEL OIL USE
BY SHIPS, AND TO DISTINGUISH
BETWEEN INDUSTRIAL STEAM GENERATOR FUEL USE
AND OTHER FUEL USE CATEGORIES

The California Energy Commission (CEC) March 14, 1986 staff draft
Biennial Fuels Report lists in Table A-2, page A-4 of that
report, fuel deliveries by category through 1984, Converting
their data, expressed as trillion BTUs, into million gallons of
0il? yields the following:

Fuel Qil Deliveries Residual Only Residual and Other®
by End User Category 1983 1984 1983 1984
Electric Utility 439 148 439 148
Residential 0 o 0 0 : 0
Commercial 13¢ 134 134 134
Industrial 309 309 4,610 4,939

Transportation 2,258 2,923 2,923 2,923

PGandE recommends that the utility fuel use in Appendizx C of the
ARB's Part A Cadmium Report be revised to reflect the 1984 data.
That data, which indicates emissions decreased by a factor of 3,
appears more representative of current fuel use projections.

PGandE notes that the ARB estimate of industrial boiler residual
fuel use in Appendix C is roughly three times the corresponding
CEC estimate for all industrial residual fuel oil deliveries.
That difference should be explained. If it reflects the
in¢lusion of o0il field steam generator combustion of heavy crude,
PGandE recommends that such heavy crude emissions be separately
calculated and listed. The heavy crude generally used in such
steam generators is likely to be far higher in sulfur and heavy
metal content than the corresponding low sulfur residual fuels
more typically used by other industries. Also, it is likely that
such emissions will either substantially decrease if current oil
prices prevail, or will be replaced by Tnatural gas fueled
cogeneration projects if oil prices return to previous highs.

1 Assuming 42 gallons/6.25 million BTV,
2 vother" is other than motor gasoline, distillate, and

residual and presumably includes both crude combustion and
feedstock. use. :

C-1



Given that the CEC identifies nine times as puch residual fuel
oil use in the ship and rail transportation sector as in the
industrial sector, and the ARB identifies industrial bollers! use
of residual fuel oil as the second largest source of cadmium
emission in the state, the report should be revised to include
ship and railroad use of Bunker C fuel oil. The report should
also consider aviation fuel use, which the CEC estimated was
2,634 million gallons in 1984.

PGandE recommends that ARB Tables III (page 14) and IIl-1

(page I11-5) be revised to more accurately reflect the data in
Appendix C. As detailed in Appendix ¢, industrial bhoiler
residual fuel use contributes more than 70 percent of total

residual fuel emissions and more than 60 percent of total oil

combustion emissions. Yet no mention of this appears in either
table or in the descriptive paragraph on page I11I-6, PGandE

recommends that Table 1II be revised to replace the oil, coal, .
and motor vehicle categories with the £following: industrial

steam generators; other stationary source fuel combustion; motor

vehicle fuel combustion; and other mobile source fuel combustion.

In Table I1l-1, the "industrial steam generator" category should
be subdivided into its primary contributors, presumably low
sulfur fuel oil boilers and high sulfur oil £field steam
generators. Similarly, the "other mobile source" ¢ategory shouid
be subdivided in Table 11I-1 into ship, rail, and aviation fuel

related emismions. The other categories: utility residual fuel,

commercial residual fuel, distillate fuel oil, coal, waste oil,

and sludge incineration are comparatively insignificant.

Nevertheless, we recommend also listing each such categoXry in
Table III-1 to give the public a better perspective of the

relatively low levels of such emissions,

In 1984, PGandE sampled cadmium concentrations in ten fuel oil
tanke at six different PGandE power plant sites. Concentrations
in three tanks were below the initigl detection limit of 0.5 ppm.
- Concentrations in the remaining eight tanks averaged 0.39 ppm,
with none measured higher than 0.52 ppm or lower than 0.31 ppm.
This data is consistent with the 0.38 ppm data previously
submitted by Southern California Edison. rPGandE therefore
recommends that the ARB not continue to imply that concentrations
ranging as high as 5.1 ppm would be equally likely.

Since utility emissions are insignificant even at 5.1 ppm, and
since similar ranges are not calculated for industrial boller
residual fuel use where the variety of source emissioch coptrols
and permissible sulfur content is far higher and cuggestive of
far greater variations in cadmium emissions, PGandE recommends
‘that only the 0.38 ppm utility estimate be reflected in Table II1I
and III—ls
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TAMLE A2

HISTORILAL
-DELIVERIES By SECTOR
iTri M ons of Bt}

STLTOR/ENERGY TYPE 197€¢ 1977  1s78 1979 1930 1381 1982 1983  1em¢
[ 1 s -
Katuryl Gasi22) k1rF} LTY) 32 658 534 €78 351 484 te9
Patrolew
Distil tate{24) ] 0 0 0 ] 0 H ? 2
Regiouat (25} 596 N4 619 640 k1) 284 9% 63 44
Subtata) 856 M 619 640 k3 284 104 £ H)
Coarizé) 138 141 110 138 182 165 1¢7 1.} 182
Hydropower{27) 210 108 b)) 181 264 253 : 7] 448 45}
kutlear{}l} 51 87 8l 1) 81 L n 4} 136
Geotrerma) and Other{12) 14 i 80 a0 104 11} 8! 130 1M
Total 1,368 1,549 1,419 1,503 1.453 1,829 1,371 1,362 1.5
Clectricity Delivered(28) £20 £27 548 567 866 89l £78 S84 €11
Convergion Loss 800 e 421 $82 -] [ F)] 754 704 197
Trsnsmigsion Logs{29) &8 46 £l 53 87 (11 3 1/ 120
~ Yot Loss 848 - 1,022 B4 ), 035 8§27 $38 m 7% 17
Resfdentia) End User
“TTectrteTtyi ool 154 182 1 182 176 18} 179 i 200
Katural Gas{3l} 610 569 LT 621 ££7 Elg 559 £1s 502
Petroleym{35)
DigtilTate Fuel 01} 1 ? H 7 1 1 1 b 1
Subtotal Petrolewm 5 ? ? ? H H 1 1 H
LPGID?) g 9 Y 1t - I () 16 18 18
Subtota) Resigentia? n? 147 m g8 752 118 158 Mg N
Cornercial End User
Tlectrici tyiau) 194 187 191 198 204 157 187 20) 213
watural Gas(ll) 183 187 in 1 16§ 178 187 173 172
Petrolewm(35)
Motor Grtoline 11 13 16 i 1% [ 8 8 H]
Clstitlate Fued 011 § 13 13 10 2l nw - Hn 7 3]
Resfdual Fuel O} 5 F44 {1 28 £3 40 5 . 20 Fi+}
Subtotal Petraleum 45 83 1] §2 T4 " T2 5t 13
LPGLAT) 2 b4 3 3 3 | 3 1 ;
Subtotal Commercin) 44 AN L ¥¥4 430 445 4% AS% 434 43
fndustrial [no User .
gYectr Tty a0y 12 e 1eY 147 186 211 202 194 198
K tural Gas(dl} 7 693 (3] 169 728 1+ 609 §13 582
Petryieun|ds)
Motor Gasolinme ) é L [ 3 $ Y ? ? 7
Distitlate Fue? 0NN 78 104 110 1% 10% 112 127 102 103
Residual Fuel 011 106 107? 9 - &8 as 1] 113 46 46
Other Petroleum 11 £61 756 nl 1)1 bi 1} E11] &40 £89
Subtatal Petraleum 136 778 961 2 1) 840 $82 788 79% i
LPG(I7) 4 AT 47 [} k ;| N k1] H) 37
Coat(26) §7 113 60 _ 40 &9 n (13 26 2%
Subtota! Iedustrial 1,16 1,062 1,922 2,008 1,902 1,566 1,669 1,856 1,658
Transportation End User )
e troialh
wotor Gasolime 1,288 1,378 1,384 1,47 1,353 1,306 1,328 1,400 1,400
Aviation Fuels 33 372 7 kT 362 L1 ] 115 5 k¥4
Dtet!1Nate Fuad D11 211 287 X0 H 259 o4 252 33l 356
Resfdual Fue) O1) ] ] 236 209 M 410 s N 336 435
Lube O1) } i 1 2 4 3 k| k] 4
Subtata) Petroleum 2,015 2,244 2,350 2,303 3,387 2,323 §,4% 2,477 2,885
LPGIIY) 1 b} 1 2 ? 3 3 3 3
Tets] End User 4,993 5,183 5,465 5,644 £,489 5,466 5,131 5,18 5,407

TOTAL END USER OELIVERIES

End User Daliverie
'!T"Tﬂ‘—_",'ur;u ‘ £20 827 548 567 56é -1 1 578 §8d 611

Natural Gas 1,540 ),84% 1,432 1,567 1,450 1,378 1,368 1,200 1,226
Patroleun(dd)}
Kotar Gasoline 1,307 1,307 1,40% 1,447 1,322 1,321 1,040 1,415 1,415
Aviation Fuels 1% 32 R} il b1 3] e 238 57 e
Distillate Fuels »ni 3al 410 404 x6 424 09 442 487
Residus) Feels p L) g A0 4] £38 £id a4, 501
Mige, Fuels $45 583 78? ni 8 W $12 L3 69l
Subtots} Petroleun 2,810 L,08Y 3,36 3,386 2,342 3,364 J,076 1,278 406
Liguifieg Petroieun Gas 66 58 (11 1 1] §1 1) Ab 58
. Loe) 87 (11 60 60 €3 71 '3 2 26
Tota} End User 4,981 5,183 5,465 §,644° 5 485 5,488 513 5,18 540
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Western Qil and Gas Association

727 West Seventn Street. Los Angeles. California 80017
(212) 6274866

August 19, 1986

Merbers of the Board
California Air Resources Board
1102 "Q" Strest

Sacramento, CA. 95812

Subject: Comments of the Western Oil and Gas
Association on Draft Report to the Air
Resources Board on Cadmium

Dear Board Members:

Once again Western Oil and Gas Association (WOGA) appreciates the
opportunity to comment on the risk assessment procedure as applied by
the Air Resources Board (ARB) to-control ambient air concentrations
of hazardous materials in California., The thrust of the following
comments is directed to the draft cadmium document. There is much to
support in the work. However, the final range is too small to
describe precisely the inherent uncertainties in the risk estimate.
Further, the degree of uncertainty in the cadmium risk assessment is
minimized by mathematical manipulation which _may be unjustified
(i.e., DHS recalculated animal data disregarding conversions for
differences in metabolic rate). In addition, it appears to WOGA that
the Department of Health Services (DHS) has not been consistent in
its approach to utilizing available human data for risk assessment.
In some cases (e.g., benzene) animal data were used when valid human

data were available and in other instances (e.g., cadmium) the
reverse is true.

In regard to the cadmium draft report, we wholeheartedly concur with
the use of human over animal data. Our experience has consistently
found the human experience to be more valuable in predicting actual
human risk. As DHS states in the cadmium document, the possible
roles of chance, bias, and/or confounding variables, in distorting
the true dose response relationship in the occupational study, were

likely to be small, The net direction of these potential errors -

was more likely to result in an overestimate of substance potency.
Thus, we believe as does DHS that use of the epidemiologic data in
guantitative risk assessment is appropriate.

Two assumptions lead to a confidence in the calculated risk for
cadmium that may be unwarranted. Although we agree that a range of
risk is proper, in the case of cadmium the upper bound risk expressed
by DHS (2 x 1078 to 12 x 1076 per ng/m3) is too small a range to be
useful and could mislead the risk manager by assigning more
confidence than perhaps should be given to the estimation. Many
critical assumptions affect this range, e.g., the extrapolation
model, exposure assumptions, chemical speciation. In view of the
fact that EPA concluded a simple threshold model would adequately fit
the data, zero would be appropriate for & lower range. Clearly,
a broader rance would more appropriately describe the breadth of
uncertainty we all agree exists. Further, the recalculation of the
animal data, disregarding conversions for metabolic rate, has given




Members of the Air Resources Board
August 19, 1986
Page 'Two

figures which are very close t© the upper bound risk predicted by the
epidemiology. This congruence may be coincidental and DHS's use
of this data to lend additional support to the risk predicted from
the human data is inappropriate, Given the large number of viable

assumptions, myriad possibilities could be supported with some
manipulation of the data.

Qur review of the draft risk assessment for cadmium has suggested
inconsistencies in DHS's use of human epidemiology. for risk
assessment. In contrast to the approach taken for cadmium, the
benzene risk assessment was calculated from animal data although
human data was available. This was apparently justified by the fact
that it is common practice to use the 95% oonfidence limit based
on the most sensitive site and species. WOGA believes the cadmium
approach applies equally to the benzene database. We do not believe
that animal studies are more than a surrogate for adequate
epidemiology. Thus, valid epidemiological studies are the best
source of data, eliminating the inherent uncertainty in extrapolating
from animals to humans. The inconsistency of the approaches is
perplexing in that DHS argues first for utilization of animal data
(benzene) and then for employment of human data {cadmium) .

The upper bound risk for benzene was derived from data on the most
sensitive site in animals, the preputial gland in mice, a site which
has no human analogue. More appropriate data might have been the
epidemiology which DHS used to derive the lower bound risk
calculation. BAgain, as DHS concludes in the cadmium risk assessment,

even the use of the epidemioclogy data is 11kely to result in an
overestimation of risk.

To conclude, WOGA urges ARB and DHS to:

C© Be consistent in the approach and assumptions which
underlie risk assessment for each chemical considered;

O Use human over animal data when availablej;

O Communicate the uncertainty inherent in the estimation of
risk; ard

© avoid statements which unjustifiably diminish the
uncertainty as this is misleading to the risk manager and
may cause misappropriation of limited resources.

Sincerely yours,

Robert Harrison
Vice President and
General Manager

RH:va
cc: Mr., Bill Loscutoff, ARB
Chief, Toxic Pollutants Branch




Comment:

Response:

Comment:

AIR RESOURCES BOARD STAFF RESPONSES TO PUBLIC COMMENTS ON

THE JANUARY 1986 DRAFT REPORY

Southern California Edison (SCE) claims that, in deriving an
emission factor for utility boilers burning fuel (residual) oil,
the ARB took the average of the highest identified emission rate
from the Taback Study and the estimate from the Krishnan Study
which applies to utility boilers with an electrostatic precipitator
(ESP) control device.

The ARB emission factor for utility boilers was based on all five
tests reported in the Taback Study, Staff noted that SCE did not
list data from one of these tests (#24) in its analysis. Although
California utility boilers are not equipped with ESPs, Taback et.
al. concluded that the ESP is a better control device for utility
boilers than fabric filters (baghouses) or scrubbers. fherefore,
ARB staff believes the emission factor was reasonably derived, and
represented the best estimate based on available data. Because
ESPs are not used by California utilities, and other control
devices are less efficient {according to Taback}, staff believes
that use of tests from ESP-equipped utility boilers would, if
anything, understate cadmfum emissions.

SCE points out that the cadmium content of crude and fuel
(residual) oils varies widely, and therefore data which are most
representative of California power plants should be used to
estimate emissions. SCE states that the average measured cadmium

concentrations in fuel oil at two SCE power plants is 0.1 ppm.



Response:

Comment:

Res ponse:

ARB staff agree that there may be variation in trace element
concentrations in fuel oils; to reflect this, ARB staff has revised
the report to inciude a range of emissions. Data provided by SCE
subsequent to the issuance of the draft Report on Cadmium (December
1985) indicates that concentrations below 0.01 ppm have been
measured in fuel oils at SCE.power plants. This information was
used to develop a low emission facfor of 8.3 1078 1b Cd/gallion

oil. A high emission factor of 5.1 10'5 b Cd/gal oil was
calculated from the Krishnan Study. Using these emission factors,
emissions from utility boilers were estimated to range between 0.02
and 1.1 tons year. This range brackets emissions calculated from

the 0.1 ppm average cadmium in fuel oil reported by SCE.

The Cadmium Council, Inc, argues that airborne exposure to cadmium
is minimal, and that this is a reason not to list cadmium as a
toxic air contaminant. _

Review of data on atmospheric cadmium concentrations in the State
shows that the average population exposure ranges between 1 and 2.5
ng/m3 (for 21 million people), with long-term exposure near three
large sources predicted to be 40 ng/m3 (for 57,000 people).

Using DHS recommended dose-response Qa]ues. the resulting excess
lifetime cancer risk is from 2 to 30 per million for a large number
of Californians, and a worst-case excess lifetime cancer risk is 80

to 480 per million for almost 60,000 people living close to sources.




Comment:

Response:

Comment:

Response:

Comment:

CalMat Co. pointed out that our estimates of 1981 California cement
production were high by a factor of 3.7,

ARB acknowledges this error and has corrected it; data on
California cement production for 1984 have been used in the revised

report (Part A, p. II1-6, and Appendix C to Part A, p. C-4)}.

CalMat Co. pointed out that approximately 1.6 tons of feed material
to the rotary kiln are needed to produce one ton of clinker (not
cement, as stated in the report).

According to the Bureau of Mines of the United States Department of

the Interior (1), "About 1.8 tons of raw material are required to

manufacture 1 ton of finished cement; 1.7 tons are used to make

clinker, and the remaining 0.1 ton is added during the
clinker-grinding process."” Two othér references (2, 3) reported a
ratio of 1.6 to 1.0 for raw material to cement. ARB staff were
aware of the different ratios reported by these references and
chose to use a conservative estimate of 1.6 tons of raw material to

1.0 ton of cement.

CalMat Co. suggested that cadmium emissions from cement
manufacturing could be estimated using data on particulate matter -

emissions from the rotary kilns used to produce clinker, CalMat

. Co. based their estimate on:

1. statewide cement production of 7.88 million tons (1981);
2. clinker production (approximatély 95% of cement production) of

7.72 million tons;




Response:

3. a ratio of 1.6 tons kiln feed material to ton of clinker
produced, yielding an estimate of 12.4 million tons kiln feed;
4, the assumption that all rotary kilns in California are equipped
with fabric filter baghouses or electrostatic precipitators
meeting Federal (EPA) New Source Performance Standards of 0.3
1b. particle emissions from the kiln per ton of kiin feed,
giving an estimate of 3.71 million tons of.emitted particulate;
5. a mean concentration of 21 ppm {by weight) cadmium in baghouse
catch dust, which was assumed to be representative of emitted
particulate matter. On this basis, CalMat Co, estimated
cadmium emissions from rotary kilns to be 0.039 ton/year,
ARB staff agrees with CalMat Co. that cadmium emissions from cement
manufacturing can be estimated using estimated particulate matter
(PM) emissions, ﬁHowever, CalMat Co. appears to have considered
only estimated PM emissions from rotary kilns and has excluded
emissions from other parts of the oﬁeral] cement manufacturing
process. Attached is a copy of the flow diagram of the Portland
cement manufacturing process from the “"Compilation of Air Pollutant
Emission Factors", Fourth Edition (3). As seen in the diagram, the
cement manufacturing process includes 1) quarrying and crushing,
2) raw material storage, 3) grinding and blending, 4) finish
grinding, and 5) packaging. These processes are alsc potential
sources of PM emissions. Normally, the.emissions from guarrying,

crushing, and raw material storage are not controlied.

i




-9-

9°g

£L/T

DUST
QUARRYING ‘PRIMARY AND RAW RAX COLLECTOR
RAW SECONDARY MATERIALS | _DRY PROCESS | rr oAl AIR
WATERIALS L1 CRUSHING  [{ STORAGE [ Pnoronnousnhcn’lﬂrlu&uc | SEPARATOR {__ [ —
WET PROCESS . aRNoG _
[KATERIAL f ILL
PROPORTIONED
WATER
ADDED
DRY MIXING DUST oUST
AND STORAGE |, | COLLECTOR GYPSuK COLLECTOR
BLENDING 4 o
| . {cLinker
—{:oouan - SToRAGE L &8 01 ron STORAGE |~ SHiPMENT
B |
GRINDER
SLURRY MIXING
- s -
BLENDING TORAGE

Figure 8.6-1. Basic flow diagram of portland cement manufaciuring process.




In 1984, California cement manufacturing plants produced 8.72
million tons of cement {4) and emitted approximately 3,030 tons of

PM (5) excluding PM emissians from fuel.

Assuming the cadmium concentration in the cement kiln-dust removed
from the rotary kiln baghouse or ESP equals the cadmium
concentration in the particulate matter, cadmium emissions from
cement manufacturing can be estimated from total PM émissions and

the cadmium concentration in cement kiln dust.

The cadmium concentration in cement kiln dust from 9 California
cement plants ranged from 5 ppm to 352 ppm and averaged 79 ppm
(6,7). Using these data and the total PM emissions, the 1984

cadmium emissions from California cement plants are estimated to be: .

Estimate based on mean

Lower Estimate Upper Estimate Cd concentration
(TPY) (TPY) (TPY)
0.015 1.1 0.24

We have listed this range of 0.02 to 1.1 tons/year as cadmium
emissions from cement manufacturing (see Overview, p. 14, Part A,

pc 111-53 and Append1x c’ po c-4).




Comment:

Response:

Comment :

Response:

AIR RESQURCES BOARD STAFF RESPONSES TO PUBLIC COMMENTS ON

THE JUNE 1986 DRAFT REPORT

PG&E recommends that the fuel use in Appendix C of the ARB's Part A
Cadmium Report be revised to reflect 1984 data. '

1984 data were not available at the time the original cadmium
emission estimate for residual oil combustion was made. We have

updated the estimate to reflect 1984 data.

"PG&E notes that the ARB estimate of industrial boiler residual
fuel use in Appendix C is rou§h1y three times the corresponding CEC
estimate for all industrial residual fuel oil deliveries. That
difference should be‘expiained. If it reflects the inclusion of
0il field steam generator combustion of heavy crude, PG&E
recommends that such heavy crude emissions be'separate1y calculated
and listed. The heavy crude generally used in such steam
generators is 1ikely to be far higher in sulfur and heavy metal
content than the corresponding Tow sulfur residual fuels more
typically used by other industries. Also, it is 11ke1y'that such
emissjons will either substantially decrease if current o1l prices
prevail, or will be replaced by natural gas fueied cogeneration
projects if oil prices return to previous highs,"

Crude o1l burned in boilers or steam generators at the oil fields
may be included under residual fuel oil in the'staff estimate. The
emission data system (EDS) showed approximately 1.13 billion

gé]lons of oil burned in the -industrial category. Of this,

aproximately 80 percent is burned for oil and gas production




Comment:

Response:

activities (8). However, the data used did not differentiate

between residual or crude oil. Therefore, we cannot separately

_ estimate cadmium emission from residual or heavy 'crude o0il

combustion for this category. However, we agree with PG&E that
heavy crude oil burned at oil field generators is higher in sulfur
and metal content comparing to oil typically used by other
industries. Thus, if crude o1l is used, cadmium emissions from oil
combustion may be uﬁderestimated.

| There is uncertainty about future fuel use. We do not have an
adequate basis to assume a substantial decrease in cadmium
emissions from residual oil combustion for the industrial category

as suggested by PGA&E.

a) "Given that the CEC identifies nine times as much residual fuel
0il use in the ship and rail transﬁortatfbn sector as in the
industrial sector, and the ARB identifies industr%a] boilers' use
of residual fuel oil as the second largest source of cadmium
emission in the state, the report should be revised to incliude ship
ahd rai1r6ad use of Bunker C fuel oil. b) The report should also
consider aviation fuel use, which the CEC estimated was 2,634
million gallons fn 1984."

a) Even though CEC reports that the residual fuel oil used by the
transportation sector is approximately nine times higher than that
for the industrial sector (9), we have not been able to document
the use of such a large amount of fuel use in California. We

suspect that much of it is used by ships outside coastal waters.




Comment :

0f the amount of -residual fuel oil reported by CEC in the

transportatibn sector, we have only been able to document about 2

percent in California (9,10). In the revised cadmium report,

cadmium emissions will also be estimated for ships and tréins under
residual and diesel cumbustion'categories. respectively. However,
these emissions will not be separately listed.

b) We are aware of the fact that cadmium emissions would also
result from aviation fuel combustion; however, we have no data to

estimate cadmium emissions for this category.

"PGAE recommends that ARB Tables III (page 14) and IIl-1

(page III-5) be revised to moré accurately reflect the data in
Appendix C. As detailed in Appendix C, industrial boiler residual
fuel use contributes more than 70 percent of total residual fuel
emissions and more than 60 percent of total oil combustion
emissions. Yet no mention of this appears in either table or in
the descriptive paragraph on page III-6. PG&E recommends that
Table III be revised to replace the oil, coal and motor vehicle
categories with the following: industrial steam generators; other
stationary source fuel combustion; motor vehicle fuel combustion;

and other mobile source fuel combustion. In Table III-T, the

" "industrial steam generator" category should be subdivided into its

primary contributors, presumably Tow sulfur fuel oil boilers and
higher sulfur oil field steam generators. Simiarly, the "other

mobile source" category should be subdivided in Table III-1 into

ship, rail, and aviation fuel related emissions. The other




Respanse:

Comment:

Response:

categories:; utility residual fuel, commercial residual fuel,
distillate fuel 0il, coal, waste oil, and sludge incineration are
comparatively insignificant. Nevertheless, we recommend also
listing each such category in Table III-1 to give the public a
better perspective of the relatively Tow levels of such emissions."
Table III and III-1 of the cadmium report will be revised and the
cadmium emissions from utilities will be mentioned. We do not
believe it is necessary to greatly expand the detail in Table I[II-]
at this time as suggested by PG&E, Should airborne cadmium be
listed as a toxic air contaminant, emission estimates for cadmium

will be refined and detailed to support risk management activities.

a) "In 1984, PG&E sampled cadmium concentrations in ten fuel oil
tanks at six different PGAE power plant sites. Concentrations in

three tanks were below the initial detection limit of 0.5 ppm,

Concentrations in the remaining eight tanks averaged 0.39 ppm, with

none meaéured higher than 0.52 ppm or lower than 0.31 ppm. This
data is consistent with the 0.38 ppm data previously submitted by
Southern California Edison. b) PG&E therefore recommends that the
ARB not continue to imply that concentrations ranging as high as
5.1 ppm would be equally likely."”

a) We éppreciate PG4E providigg information on the cadmium
concentfations of residual o1l used at its plants. These data will

be considered in estimating cadmium emissions from residual oil

combustion.

-0~




. b} A factor of 5.1 ppm was not used to develop the high estimate
for utility boilers. The factor used previously was 5.1 1bs Cd per
million gallons of 0i1 burned. New estimates based on a factor of

0.52 ppm have been developed.
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me e s c
ta nses to Co
e view
(January 1986 Draft)
Comment:

The SRP stated that the DHS did not appear to have a policy for
determining when to use animsl data and when to use human data in a risk
assessment.

esponge:

The policy of the DHS staff has been to use the best evidence available
for the risk assessment. The choice of human or animal d#ta has been made
on a case-by-case basis,

Human data are clearly preferable where studies are well designed and
exposure is ﬁell documented, since this eliminates the uncertéinty arising
from interspecies extrapolation. Frequently, human exposure has not been
well documented. In addition, information about potential confounding
variables is often lacking.

On the other hand, in some cases the animgl data may not be suitable.
For example, 1in the animal data for asbestos, exposures were.reported on
mass basis instead of by fiber count. Since fiber count is the significant
factor used in evaluating human health effects of asbestos, the DHS staff
chose to use the human data.

Cadmium was the first chemical ;ncountered in tgg AB 1807 process for

which there was both a suitable animal study and a well designed human study

with documented exposure estimates for individual workers and a positive




dose-response. This made it possible for the DHS staff to conduct two
separate risk assessments.
Comment:

The SRP stated that DHS staff did not make clear the rationale for
choosing to use the human-based risk assessment for cadmium. °
BESEOQSE .

As noted in the original report, the two risk assessments led to ranges
of estimated risk that did not overlap. Using a more refined model to
determine risk, the updated human-based assessment yielded a risk estimate
sbout ten- to sixty-fold smaller than the animal-based assessment. In this
instance, DHS staff chose to recommend the use of the human-based risk
estimates even though these were smaller than the animal-based ones because:

(a) the use of a linear model with a correction for the healthy

worker effect was judged to be sufficiently health-conservative,

(b) the amount of error in the measures of dose and effect from the

Thun study were probably not large,

(c) the net direction of these errors was likely to result in an over-

estimate of cadmium’'s carcinogenic potency.

To further clarify our reasons for adopting the human-based risk
assessment we have expanded the description of the study by Thun et al. and
the discussion of thd, potential roles of confounding, blas and chance in
explaining the f?ndings of this study. (Section VII.J.2 Human sfudies,

espirato canger -Thu udy. ) -
Comment:
DHS staff found the evidence of carcinogenidity in humans to be

sufficient, but did not state the grounds for this interpretation of the




evidence, nor the reasons why this conclusion differed from that of the IARC
and the EPA.
esponse:

Although the IARC has developed specific criteria for evaluating the
evidence for human carcinogenicity as sufficient, limited or 'inadequate, the
study by Thun et &l. was not available to that agency when they last
evaluated cadmium. Based on the evidence available at that time on prostate
cancer, IARC (1982) concluded that there was limited evidence for
carcinogenicity in humans. Based on the Thun study, the Environmental
Protection Agéncy (EPA, 1985) also classified the evidence as limited.
While they considered the Thun study to be very strong evidence of human
carcinogenicity, the lack of another well-conducted study which confirmed
these resulté influenced their decision not to classify the evidence as
sufficient. .For the purpose of risk assessment, it 1s unnecessary for the
DHS to make such a judgment because ;admium is clearly an animal carcinogen.
Since the 1IARC, the EPA and the DHS consider animal carcinogens to be
potential human carcinogens, cadmium is a candidate for a quantitative risk
assessment. The document has been revised to reflect this.

Comment:

The SRP questioned the recommendation of the DHS staff to use the
human-sased risk assedsment when the EPA found the animal evidence adequate
for use in risk assessment.

Response:
The DHS also found the animal evidence adequate for use in risk

assessment, Both EPA and DHS performed two risk assessments, one based on

animal data and one based on human data. EPA also chose to recommend their




human-based risk estimate rather than their animal-based estimate, stating
nspecles differences and cadmium form differences make an estimate from this
source (animal) intrinsically less reliable than the one derived from the
assumed human exposures" (EPA, June 1985). Though their choice of model for
the human-based risk estimation differed from the one used by.the staff of
DHS, the final estimates were quite close.

Comment:

The model used by the DHS for quantitative risk estimation may not have
been the best choice, particularly since it did not accomodate all of the
data.

Response:

DHS staff has revised the risk assessment by fitting a more appropriate
model which accomodates all of ﬁhe data. This model regresses the observed
deaths as a function of two factors: the cumulative dose and the expected
deaths. This function has two parameters: one f;r the carcinogenic potency
of the cumulative dose, and the other for the observed "healthy worker
effect." S§ince the low exposure group experienced a marked deficit of lung
cancer deaths, these workers can be inferred to represent a healthier group
than the general population of white males of the same ages. By estimating
the degree to which the cohort under study differs from the population, this
model separates tﬁe. effect of dose from the countervalling healthy worker
effect. In particular, it enshreé a more health-conservative estimate of
carcinogeulic potency.

Lomment:
The SRP wished to see the range for extrapolation between the observed

data and the ambilent levels in Califormia.




esponse:
The workers were exposed to cumulative doses which were equivalent to a

constant 24-hour/day 1lifetime exposure of concentrations of 2.7, 11.8 and
41.0 pg/ms. Ambient  ailr in Calilifornia 1s estimated to contalin

concentrations of 1 to 2.5 ng/m3. Thus using the daily dose rate, the

range of extrapolation is 10'3, (three orders of magnitude) or a

thousandfold. The median cumulative exposures for the workers were 184, 796
and 2762 mg-days/m® while the population in California would be expected to
recelve on average, over an 80-year lifespan, .02% to .073 mg-days/m%® . (1
ng X 365 days X 80 years = 29200 ng-days/m® = ,029 mg-days/m®.) Thus using
lifetime cumulative dose, the range of extrapolation is 3-4 orders of

magnitude. In some hot spots, California residents would be expected to

receive 1.17 mg-days/m3 representing exposures 2 - 3 orders of magnitude
lower than the workers’ exposures. The range of extrapolation has been

included in the revised Executive Summary of Part B of the document.




epa o t ¢
a e segs to c nts
(January 1986 Draft)
Q.O.mﬁgn;:

Ciba-Geigy objected to the use of occupational exposures for
extrapolating risks at ambient levels of cadmium, which are several orders
of magnitude lower. They argued that (a) cadmium levels declined over time,
(b) workers were also exposed to arsenic, lead and zine, (c¢) urine levels
indicated high exposures, which may have been the result of poor hygiene
practices.‘(d) "smoking could have accounted for half the increase," and (e)
smoking habits were determined retrospectively,

Response: _

The uncertainty involved in extrapolating to very low ambient levels is
acknowledged by DHS staff. However, it is not feasible fo difectly observe
the carcinogenic effect of 1low-level chemical exposures. The only
quantitative data on cadmium’s carcinogenicity are (1) experimental animal
data invelving daily exposures close to the OSHA permissable exposure level,
and (2) the occupational study by Thun et al.

The decline in cadmium levels over time was reflected in the exposure
assessment carried out by Thun et al. The effect of arsenic was evaluated
by Thun ket al., and {is discussed in the revised Section VII.J.2 Human

udie es o cancey: un _study. The hygiene practices of the
cohort are not an issue since the risk assessment was based on air
monitoring data, and the hygiene practices are irrelevant to lung exposures.

Issues related to smoking have been reviewed (see revisions in VII.J.2 Human

studies, Respiratory cancer: Thun study).




Comment:

Ciba-Gelgy argued that studies of environmental cadmium exposures did
not detect adverse health effects.
Responge:

The study by Lauwerys (1984) was not concerned with carhinogenicity.
but with body burdens of cadmium in relation to nephrotoxicity. With regard
to data from Japan, the commentor provided no references.

Comment:

Southern California Edison criticized the ad hoc model which DHS used
in its risk assessment, and in particular, the exclusion of data which did
not fit the model.

RBesponse:

DHS staff has repeated the risk assessment using a different model
which accommodates all the data. (See revised Section IX.B.2)

cmment.

Southern California Edison pointed out that DHS staff incorrectly
assumed that the exposures reported by Thun et al. were quantified in units
of Cd0 (cadmium oxide).

Besponse:
DHS staff acknowledges this error and has corrected it.
Comment: _ .
Southern California Edison questioned the background rate for lung

cancer used by DHS on the grounds that it was higher than the rate used by

EPA.
EQSEOQSE:

DHS staff has employed 1979-80 California age-specific rates for lung
cancer as the background level, The cumulative lifetime probability of




" dying of lung cancer by age 80 in California is .055 for males and .025 for
females. (See Appendix D in the revised document. )
Somment:

S&uthern California Edison objected to the use of a nonthreshold model,
citing the lack of elevated cancer risk in the lowest exposure group of the
study by Thun et al.

Respopse:

The use of a nonchre#hold model 1s based on theoretical, biological
considerations. The staff of DHS does not consider occupational
epldemiological studies to be adequate for evaluating whether a threshold
procosé is.responsible for inducing cancer. Occupational mortality studies
have no abilicty to distinguish mechanisms by which an effect is induced. The
threshold issue 1is discussed with regard to the mechanisms specific for
cadmium-induced carcinegenicity in revised Section VIII. With regard to the
data of Thun et al., the lack of response in the low exposure group can be
explained as a manifestation of the healthy worker effect, which was also
observed for cardiovascular deaths. |
Comment:

Southern California Edison argued that the evidence for human
carcinegenicity 1is not sufficient and that the position of DHS was not
Justified.

Response:

DHS: staff has revised the document and has.determined that such a
judgement was unnecessary because there is sufficient evidence to consider
cadmium an animal carcinogen and therefore a potential human carcinogen.
{(Refer to 'revised Section VII.J.4 CANCER: Conplusion and to DHS staff

responses to SRP comments.)




Comment: | | .

Southern California Edison pointed out that the combined effects of
smoking and arsenic may be great;r than the sum of the two.
Response:

DHS staff acknowledges that confounding by either of éhese two risk
factors and by their interaction could explain some of the excess lung
cancer deaths. Because of the low levels of arsenic and the data indicating
a deficit of smokers in the cdhort, those two factors are unlikely to
account for all of the excess, even assuming a multiplicative effect of
arsenic and smoking. (A full discussion is in the revised Section VII.J.2,
Human studies, Respiratorv cancer-Thun studv. Also, see Tables VII-1l to
VII-14, especially VII-14.)

[¢] . ent:

Southern Californmia Edison argued that the DHS should refrain from .
recommending upper bound risk estimates until results are available from the
nested case/control study being conducted by Thun et al., and until
uncertainties in this study have been resolved.

Response:

The DHS is mandated to provide a quantitative risk assessment under
California Health and Safety Code 39660. We have attempted to utilize all
of the most recent available data in our evaluations and estimates of risk,
including the presentations by Dr. Lamm and Dr. Thun at the Fifth
International Cadmium Conference. In the revised risk asse;sment,“DHS staff
has attempted to clarify areas of uncertainty arising from the datau-
gommegt:.

The Cadmium Com;zcil, Inc., argued that the evidence of human .
carcinogenicity is inadequate and that the critical epidemiological study by

Thun et al. is still being reanalyzed. They cited several critisims of this
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study: (a) individuallestimates of arsenic exposure were not obgained, (b)
potential interactive effects of arsenic and smoking were not evaluated.
They also submitted several unpublished documents including a manuscript by
Dr..George Kazantzis describing a further follow-up of an earlier study of a
cohort of Qorkers potentially exposed to cadmium, and a nested case/control
study of lung cancer deaths in the cohort,

Response:

The weakness in not having individual arsenic exposure estimates is a
concern, but the cohort calculations of Thun et al. indicate that the
contribution of arsenic to the excess lung cancer death rate was not large.
Evidence presented in the update of this study indicate that arsenic levels
have been quite low since 1926, in contrast to the assertions of Dr. Lamm.
The issue of interaction is discussed in cur revised document. Given the
deficit of smokers in the cohort relative to the general population and the
low overall risk from arsenic, the interaction of smoking and arsenic
exposure is likely to have made 2 negligible contribution to the excess
cancer mortality. This is because at low relative risks, a multiplicative

.effect is only negligibly different from an additive effect. The
case/control study conducted by Kazantzis purports to show no association
between cadm{um exposure and lung cancer mortality. Although the report
contains numerous inconsistencies and is therefore difficult to follow, it

‘appears that the (nonstatistically significant) estimate of relative risk

assoclated with a decade of exposure to 1 pg/m3 cadmium was almost identical
to the (statistically significant) relative risk associated with a "decade
level” of arsenic exposure, with arsenic exposure classified on a scale of 0
to 2. Rather than being strong evidence of no effect. these data show weak

evidence of an effect., Furthermore, the -exposures of these workers were



much lower than those in the study by Thun et al. Omnly 21 workers received .
exposures that were anywhere near as large as the median of the low exposure
group in the Thun study. As Kazantzis states, "The present results are not
inconsistent therefore with Thun’s, but there is very little power to detect
a cadmium effect."”
GComment:

The Cadmium Council, Inc., objected to the statement by DHS that we "do
not believe there is evidence to reject an effect of cadmium on prostatic
cancer.” They asserted that the statistical evidence is convincing that no
effect exists.
Response:

The DHS disagrees that a conélusion of no effect {5 justified. The
reasons were presented in the original document (pp. 66-68 of part B): (1)
the highly significant early reports, (2) the persistence of small .
(nonstatistically significant) elevated risks in recent studies, (3) the
decline in level of 1ndustriai exposure, and (4) the low statistical power
of these studies. In total, DHS staff regards the evidence as inconclusive.
For clarification, the sentence referred to by the Cadmium Council, Inc.,
has been changed to state "the staff of DHS does not believe that the
evidence 1s conclusive to reject an gffecc of cadmium on prostate cancer.”
Qomme;;t:

The Cadmium Council, Inc., stated that although EPA's Science Advisory
Board (SAB) found the Takenaka study to be sufficient evidence of cadmium’s
ability to cause cancer {in animals, the SAB felt that more information was
needed on the actual particle size distribution of ambient cadmium to which
the general public would be exposed. This information would allow z
comparison for the purpose of quantitative risk assessment, of t;he effective .

dose given to the rats in the Takenaka study with typical human exposure.
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Response:

The ARB did not estimate the distribution of particle size in ambient
California air. However, since the animal study was not used for final risk
esﬁimates. it 1s not really necessary for a comparison of effective dose,
If such a comparison were made, it is 1ikély that a modification in ambient
exposure could be made that would reflect a lower exposure to cadmium
because some ambient particles containing cadmium would not be respirable.
In our assessment with occupational exposure, it was assumed that the
particle size distribution in the occupational setting and in ambient air
were similar. The validity of this assumption cannot be verified.

Comment:

The Cadmium Council, Inc., asserted that the effect of solubility on
the bioavailability of various cadmium compounds would be likely to result
in a difference in their toxlc potency. The ARB draft document indicated
that absorption may not be dependent on solubility, citing a study which
compared the pharmacokinetics of cadmium chloride and cadmium oxide in the

lung. Information on cadmium red and yellow pigments suggests that

solubility i{s important.

Response:

The statement in the ARB document has been changed to explicitly
pertain only to cadmium chloride and cadmium oxide, It is important to note
that the ARB has concluded that cadmium oxide, cadmium carbonate, and
cadmium sulfate are the likely principal constituents of ambient airborne
cadmium. Cadmium sulfate is soluble, while the oxide, which is relatively
insoluble, appears to act in the lung like cadmium chloride, a soluble salrt.
It is wunot known how cadmium carbonate acts in the lung. However, in an
unpublished paper by Rusch et al. that was supplied by commentors, cadmium

carbonate appeared to be much more soluble and more toxic than cadmium red
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or yellow pigments feollowing inhalation. Since there has been no speciation
of ambient airborne cadmium DHS staff has assumed that all inhaled cadmium
will act as if it were soluble.

Comment:

Ciba-Gelgy argued that since cadmium chloride increases both epithelial
permeability and the number of inflammatory cells in the lung, the continual
presence of this chemical in the lung without any possibility for lung
clearance and repalr was probably responsible for the increased tumor
incidence observed in the sfudy by Takenaka et al.

Besponge:

Altﬁough nontumor pathology was not reported in great detail in the
Takenaka study, there is little reason to believe that there had been
significant pulmonary lesions as suggested by the commenter. A dose-related
increase in 1lung fibrosis was found in the treated animals of the Takenaka
study, but the severity of the lesions and any relationship they have with
the observed tumors is unknown (personal communication with Gunter
Oberdorster, 2/18/88). Lung damage was likely to have been minimal since
all groups of rats experienced a low mortality rate, indicating that the
animals were in apparent good health during the study. In addition, a study
by Hart (Toxicol Appl Pharmacol 82:281-291, 1985), in which rats were
exposed to cadmium oxide at 1.6 mg/m3®, three hours per day, five days per
week for six weeks, indicated that the effects mentioned by the commentor
would resolve after a few weeks even while exposure continued. The exposure
concentration wused by Hart was 32 times higher than the highest
concentration used by Takenaka, or &4 times greater if averaged over a 24-
hour period. Thus, there is not sufficient evidence to suggest that lung

defense mechanisms were overwhelmed during the Takenaka study.




Comment:

Ciba-Geigy stated that there are disproportionate changes in tumor
incidence with successive dose halving in the Takenaka study. It appears
likely that lower dosages caused less lung damage (considered a threshold
event) and consequently fewer lung tumors. This would indicate that ambient
airborne cadmium does not pose a carcinogenic risk to the general population
and should not be classified as a toxic air contaminant.

Response:

As previously stated, the staff of DHS does not consider that there is
sufficient evidence to link lung damage with the carcinogenicity of cadmium
in rat lungs. Although there was an apparent dose-related increase in
fibrosis in the lungs of treated animals (personal communication with Gunter
Oberdorster), the severity of the lesions {s unknown and a relationship, if
any, between these lesions and luﬁg cancer has not been determined, The
staff of DHS does not consider a nonlinear dose-response curve in an animal
study adequate evidence that a threshold process is responsible for
carcinogenicity.

Comment:

Ciba-Geigy pointed out that cadmium compounds are not equivalent with
respect to toxicity, absorption, distribution or excretion. Exposure to the
two Insoluble compounds, cadmium red and cadmium yellow, did not produce
mortality and resulted in more rapid elimination, according to an
unﬁublished _;tudy by Rusch:- Othe; studies have also shown solubility and
physical state of cadmium éompounds to be ilmportant determinants of potency.

esponse: ¢

As stated in respounse to a similar comment by the Cadmium Council,
Inc.,, the staff of DHS agrees that the toxic and possibly the carcinogenic

potency of cadmium compounds could be related to their solubility. It
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should be noted that cadmium carbonate and cadmium fume (oxide) were found
by Rusch to be more toxic than the cadmium pigments. According fo ARB, the
carbonate and oxide forms of cadmium are more likely te be found in the
ambient>air.

Comment: '

Ciba-Geigy stated that the doses in the Takenaka study imposed a lung
burden on the rats that bears no relatiogship to effects expected from
either larger amounts given for shorter periods or 1ow-;gvel ambient

- exposures of the general population.
Regponse:

The staff of DHS does not find the evidence cited by the commentor
sufficient to indicate that the lung burden of cadmium imposed on the rats
in the Takenaka study was unrepresentative of what might be expected from
ambient exposure. Metallothionein levels probablyido increase in response
to cadmium exposure and it probably does act as a defense mechanism. Hart
(1986) showed an increase in lung metallothionein over a six-week period
during which the animals were receiving a dally dose four times the highest
daily dose given to rats in the Takenaka study. During the six-week period
initial 1lung lesions began to resolve, suggesting that metallothionein may
decrease the toxicity of cadmium. There was mno evidence that Ilung
metallothionein synthesis was saturated during the Hart study. Thus, there
is mno reason to believe that rats in the Takenaka study were exposed to a

cadmium concentration that would saturate this defense mechanism.
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Department of Health Services

Responses to Public Comments on

Health Effects of Cadmimm (Revised)

(June 1986 Draft)

Comment:

All 4 commentors (Ciba-Gelgy, PG & E, Western 0il & Gas Aséociation,
and the California Council for Environmental and Economic Balance) raised
the issue of thresholds in the cadmium risk assessment, and urged DHS to
present a threshold model to provide a lower bound of risk. The EPA risk
assessment of cadmium was cited for its presentation of both threshold and
nenthreshold models.

Response:

The position of the Department of Health Services (DHS) with regard to
the use of nonthreshold models is presented in the Guidelines for Chemical
Carcinogen Risk Assessments and their Scientific Rationale (DHS, 1985):

"...the DHS guidelines for risk assessment will not include the
concept of ’thresholds' for carcinogenesis unless clear and convincing
evidence is presented to demonstrate thelr existence for a specific
carcinogen in specified circumstances™

The full discussion of thresholds from that document is attached and is
incorporated by reference (Attachment A). The staff of DHS reiterates the
arguments related to the mechanisms of cadmium-induced carcinogenicity in
the responses to specific comments below:

Comment:

Ciba-Geigy contended that,

"...the absence of a carcinogenic effect in the Thun study-at the
two lowest doses indicates that a threshold does exist even in the

workplace and would exist for ambilent air where exposure is a
thousandfold less." .




Response:

Lack of an elevated risk among workers in occupational cohorts exposed
at lpw doses does not necessarily constitute evidence of a threshold, but
rather evidence of the well-established "healthy worker effect". As
explained in the document, these workers were estimated to havé half the
cancer risk of the U.S, population. Deaths from diseases of the circulatory
system were also significantly lower than expected for the whole cohort
(SMR=65), providing further evidence of a pronocunced healthy worker effect
in this cohort. In addition, the size of the study population was too small
tordetect the magnitude of risks expected at the low doses. Unless one
comparés the mortality to another worker population, the "expected" lung
cancer deaths (obtained from the standard population, in this case 3.77)
will be higher than what is predicted by the model at low doses (2.49 lung
cancer deaths). This is because the number of expected cases is based on a
population which differs from the study population on factors other than
exposure to occupational carcinogens; correcting.the "expected" for these
differences yielded an adjusted value of 1.89 expected lung cancer deaths.
Thus, taking into account the estimated healthy worker effect, this study
had a power of less than 1% to reject a hypothesis of no-effect for the low
dose group at the a=0.05 level, assuming the model predictions are correct.
In other words, one would not have expected to detect an excess in lung
cancer deaths in the low-dose group.

With regard to the EPA’'s risk assessment, neither of the models fitted
by the EPA (the threshold or the nonthreshold model) fits the observed data
as well as the model used by the DHS staff (Table C-1). The poorest fit was

obtained by the threshold model for the low-dose group, where the model




fitted by the DHS staff was superior to both models presented by EPA. While.
all of these models were subject to the limitations of the data, the model
that includes a parameter for the healthy worker effect is clearly a better
specification of the quantitative dose-response relationship.
Comment:
In their comment on the threshold issue Ciba-Geigy stated:
"It is of interest that your reviewers consider negative in wivo
mutation studies as being insensitive tests as opposed to being
indicative that the body can effectively handle small doses of cadmium;

i.e., exhibit threshold characteristics, at concentrations that might
be present in ambient air."

Response:

One interpretation of the results from these studies is that the body
can effectively handle small doses of Cadmium. However, DHS staff members
have concluded that in this case the interpretation is mnot valid because
this type of aésayris-relatively insensitive; i.e., this assay is incapable
of detecting other than large effects. The dominant lethal assay has a
lower sensitivity than other genotoxicity assays because there is: (1) a
relatively high rate of spontaneous lethal events that occur during
Qevelopment, and (2) the number of implants examined is extremely small
compared to studies that examined individual cells for an effect. In
addition, the DHS staff members agree with the International Agency for
Research on Cancer (JIARC, 1983) that it is difficult to rule out genotoxic
éffects based on short-term tests and there is insufficient evidence to
justify creating a separate class of carcinogens (based on mechanism) for

which different risk assessment methods would be used.




Comment : .

Ciba-Geigy argued for the concept of a threshold for cadmium-induced
carcinogenicity with the following:

"First of all, excess cadmium can stimulate metallothionein synthesis

which is known to detoxify cadmium following continuous low level

exposure (Webb, M. (1979) in "Metallothionein", Kagi & Nordberg,

editors, pp 313-20). Secondly, it is known that zinc and cadmium

interact and compete for protein and enzyme binding sites.”
Response:

As stated by the commentor, cadmium does induce metallothionein -
synthesis and this protein appears to have a protective role-against cadmium
toxicity. Hart (1986) showed that metallothionein increased during a six-
week exposure period when rats were exposed to a cadmium oxide concentration

of 1.6 mg Cd/m®. Metallothionein, however, does not protect against acute

cadmium toxicity (Webb 1979). Furthermore, Takenaka et al. (1983) showed

that cadmium induced lung cancer at lower exposure levels than were used by .

Hart. Thus, metallothionein does not appear to prevent cadmium .
carcingenicity at exposure levels used in the Takenaka et al. study.
Metallothionein may have a protective role, but it clearly cannot detoxify
all cadmium that enters the body.
Zinc also appears to protect against cadmium toxicity. However, as
with metallothionein, there is no evidence that zinc will protect an animal
from the carcinogeﬁic effects of cadmium below some specific exposure level.
In addition, it is well established that a carcinogen'’s potency can be
inhibited or enhanced by other compounds. Such effects do not indicate that

a thresheld therefore exists for carcinogenicity.




Commenté

The California Council for Environmental and Economic Balance (GCEEB)
suggested that "the Air Resources Board needs to know the relative weight of
the evidence regarding the plausibility of such thresholds."
Regpohse:

In the case of cadmium, there 1s no compelling evidence that the
carcinogenic effects are mediated by a threshold. This point is discussed.
at length in Part B Section VIII.

Comment:

PG & E contended that:

"Although the DHS qualifies its estimate of 2-12 cases per million by

stating .that 'the actual risk may lie in or below that range', this is

not sufficient since other experts have acknowledged that a zero risk
estimate could be equally valid." (citing EPA, 1985)
Response: |

The DHS staff believes that the presentation of the range of risk
estimates as an upper bound is clear, and that the possibility of lower risk
is sufficiently described in Part B, Section IX.

There is neither a theoretical basis nor empirical data sufficient to
assign a probability to either the lower or upper bound region. Thus, it is
not possible to give a relative weight to one or another portion within this
range of risks. 1In the interest of protecting the public's health, and for
reasons citéd in Part B of the document and reiterated below, the DHS staff

recommends that risk management decisions be based on the upper limit of

this range: 30 excess lifetime cancer deaths per million persoms from

lifetime exposure to current average ambient levels of 2.5 ng/m® cadmium,




Comment :
CCEEBR stated:
‘ "We can understand the basis for incorporation of the worst-case
policy assumptions DHS uses to emphasize the maximum possible upper

bound risk (although we believe that risk assessments should also
present the 'most likely’ risk estimate).”

Response:

As pointed out in Part B Section IX.2, this risk assessment does not
present a worst-case scenario, but rather a plausible risk estimate, for the
following reasons: (1) the estimate is based on the observed data and on
realistic assumptions where data were lacking, both for exposure and for
mortality in the study by Thun et al.; (2) the linear extrapolation model
is, in the best scientific judgment of the DHS staff, a health-conservative
method of extrapolation, while a worst-case would include a supralinear
model; (3) the exposure estimate for California residénts is based on mean
levels obtained from monitoring throughout the urban areas of the state, not
on the maxima; (4) as explained extensively in the document, the DHS staff
recommends the human-based risk estimates, rather than the higher, animal-
bésed estimates (Part B, Section IX.B.3). Thus, the estimated unit risk and
its upper 0.95 confidehce limit recommended by DHS provide a plausible range
for the upper boﬁnd of risk, not a worst-case range.

" Comment: f

PG & E argued that the DHS risk assessment should recommend the "best”

risk estimate rather than the "upper bound."
Response:
As discussed above, the DHS staff has presented a risk estimate based

on plausible assumptions, not a worst-case scenario. The main source of
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"health-conservatism" is in the use of a linear nonthreshold extrapolation
model. The recommendation to use the upper bound on risk is based on two .
considerations: (1) as discussed in the document (Section VII.J.2), the
risk estimate was based on lung cancer deaths only, whereas the
epidemiologic evidence suggests urogenital cancer, as well. The data cannot
be considered conclusive due to the small sizes of the study cohorts;
nevertheless, the recommended risk estimate should provide an added margin
of safety for possible increases in these cancers. (2) The application of a
dose-response relationship observed in adult males to the general population
assumes equal exposure and sensitivity across all ages and sexes. Since our
risk assessment is based on average levels obtained at monitoring statiéns,
this assumption could result in an underestimation of risk for several
TEeasons:

The rapidly proliferating‘tissues of children may be more susceptible
to carcinogenic agents than cells in adults, Second, where air
concentrations of cadmium may be related to dust from contaminated soil,
children are not only,clos;r to the ground, but far more likely to play in
dirt and thus to have substantially higher exposures than adults. Third, a
recent paper by Phalen et al. (1985) showed that tracheobronchial particle
deposition is generally more efficient in smaller (ycunger) individuals than
in larger (older) people. For instance, the dose on a per kg basis for 5 um
diameter particles could be & times higher in a resting newborn than in a
resting adult. This paper alsp showed that particle deposition varies with
activity level. It appears, therefore, that at ages when individuals are

potentially more susceptible to carcinogenic damage, they may be




consistently receiving higher exposures and distributing cadmium to the
target site more efficiently.

Ebr these reasons, the DHS staff does not concur with the conclusion of
EPA (1985) that the upper bound risk estimate provides an "uﬁnecessary added

level of conservatism."
Comment :

Ciba-Gelgy noted that the DHS staff aid not take into account the
potential effect of dose-rate on cadmium’s carcinogenic activity, citing
several studies.

Regponse:
| The observations of Littlefield amd Gaylor (1985), cited by the
commentors, %ere based on the EDO1 study of 2-acetylaminoflucrene. Since
the dose-rate characteristics of a compound’s carcinogenicity may be
dependent on the pathways for metabolic handling by the organism, this study
does not necessarily apply to cadmium. The contrast between survival rates
in the studies by Oldiges and Glaser (1986) and by Kaplan et al. (1977),
also cited by the commentors, reflects.a dose-rate effect of cadmium on
noncarcinogenic toxicity, which may not generalize to carcinogenicity,
Additionally, it is difficult to draw a conclusion based on a comparison of
these two studies since they were done in different laboratories and with
different strains of rats. DHS staff members, however, de¢ recognize that
dose-rate may influence the carcinogenic risks due to cadmium exposure.
Because this effect has not been characterized quantitatively, the
assumption was made that, in the absence of data, cumulative dose could
define risk (Part B, Section IX.B.2). This is a health-protective

- assumption, since the environmental exposures involve much lower dose-rates,




as well az lower cumulative doses, than were used to estimate the
carcinogenic potency of cadmium.
Comment:

Western Oil and Gas Association (WOGA) suggested that converting doses
between species by direct air concentrations, i.e., not accounéing for
differences in metabolic rate, constituted manipulation of the data.
Response:

DHS staff conducted its animal-based risk assessment by converting rat
to human doses on a surféce-area basis. 1In the discussion comparing the
animal- and human-based risk assessments, a risk estimate was derived in
which direct air concentration in the animal experiment was taken to be
equivalent to the human dose., As explained in Part B, Section IX.B.3, this
calculation was presented for comparative purposes only, and does not,. in
the staff’'s opinion, constitute manipulation of the data. _

Comment :

WOGA stated that the DHS staff's use of human data for the cadmium risk

assessment is inconsistent with the previous use of animal data when human

data were available for benzene.

Response;

6 to 170 X 10-6) recommended by

The range of risk estimates (24 x 10
DHS staff for the benzene risk assessment (DHS, 1984) was based on both the
EPA estimate, which used data from three epidemiologic studies of leukemia
déaths, and an estimate derived from a National Toxicology Program cancer
biocassay in male mice. A comparison of the risk estimates and confidence

intervals from the linear extrapolation using the best quality human data

(Rinsky et al. 1981) and the multistage model using the most sensitive

0



animal data (preputial gland tumors in mice) shows both the point estimates
and the upper 95% confidence limits (CL) to be very close:

RISK DUE TO 1 PPE AMBRIENT EXPOSURE TO BENZENE

Epidemiclogic Data Animal Data
Point Estimate 48 x 1078 78 x 10°°
Upper 95% CL 120 x 107° 170 x 1075

Unlike benzene, for cadmium, the confidence intervals for the animal- and
human-based risk estimates did not o#erlap. Therefore, the DHS staff felt
that it was necessary to make a choice. For reasons stated at length in the
document (Section IX.B.3), the choice to recommend risk estimates based on
human data was dictated by both the quality of the epidemiologic data,
(including the exposure information and the analysis of potential
confounders) and our judgment that the assumptions were unlikely to result-
in an underestimate of the true risk. The approach taken by DHS staff for
the cadmium risk analysis was therefore fully consistent with methods
utilized in previous risk analyses.

Comment.:

Ciba-Geigy sztated that possible exposures to asbestos and to radon were
not considered in the study by Thun et al. (1985) and that these could have
been confounders, The commentor asserted that one of the lung cancer deaths
was, a worker who was also in another cohort where his death was attributed
to asbestos.

Response:
It is possible that one of the workers in the study of Thun et al. may

have left this plant and then worked elsewhere and received asbestos

N
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exposure. Whether or not this is true, workers in the comparison population
have similar opportunities to receive asbestos exposures. Since it is a
relatively common exposure, asbestos-induced lung cancers contribute to the
background rates throughout ;he U.S. PFurthermore, if it is true that
asbestos exposure contributed to the death of one of the cadmiﬁm-exposed
workers, one cannot rule out an added contribution ffom cadmium, given the
multifactorial nature of carcinogenesis. It is also unlikely that exclusion
of this death would substantially alter the result of the risk assessment
(e.g., compare the upper and lower portions of Table IX in Part B of the
document)., Dr. Thun, in a personal communication (9-9-86) indicated that in
a further follow-up of the cohort to 1984, the lung cancer deaths continued
to show a dose-response relationship to cadmium exposure.

The probability of significant radon exposures in the plant is low,
The plant itself is above ground, so that if radon gas were emitted by
soil, it would readily diffuse; contaipment such as occurs in mines or
basements would not occur. If radon exposures were a problem in that
region, one would expect a less pronounced effect when comparing to state
rates as opposed to U.5. rates. The SMRs were higher, not lower, when the
state rates were used as a comparison. Further, if radon daughters were
being emitted from mill tailings in the walls, it would be highly
coincidental if those portions of the plant where cadmium exposures were
greater also had higher radon exposures.

While it is difficult te entirely rule out the potential for
confounding from unmeasured sources such as radon and asbestos, the

plausibility of these sources as explanations for the clear dose-response

11




between well-quantified cadmium exposures and excess mortality from lung
cancer is low.
Comment;:

Ciba-Geigy pointed out that the use of an occupational standard for
éadmium to produce a safe ambient level yields a value which is three times
as great as levels measured in "hot spots™ in California, and fifty times as
great as average ambient levels. The commentor cited Calabrese (1986) as
saying that this method is "consistently more conservative or protective
tﬁan that derived from actual data."

Response:

This method involves dividing the TLV (threshold limit value) by the
ratio of hours in a workweek to total hours in a week, and then applying a
safety factor of 100. The above quotation referred to 5 pollutants
regulated by the U.S. federal government. In the same paper, Calabrese
reported that this method applied to maximum acceptable occupational levels
in the Soviet Union is more protective than the direct use of experimental
data for 30 pollutants, and less protective for 13 others. Based on the
figures provided by Ciba-Gelgy for cadmium, this method is clearly less
protective than the estimates EPA or DHS staff derived using the actual
data. In the U.S8., .TLVs do not represent a uniform concept: they are
principally based on considerations other than carcinogenicity, and may be
based on practical considerations of what is attainable. 1In the case of
cadmium, the ACGIH based its recommended TLV on kidney toxicity (ACGIH,

1982).
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Comment:

Ciba-Geigy referred to evidence that cigarette smoking contributes to
the body burden of cadmlium, citing a study which showed that smokers’ lungs
contained a proﬁein which binds cadmium,
Response:

DHS staff acknowledges that cigarette smoking can increase the cadmium
body burden. It may contribute to the production of cadmium-binding
proteins. However, this does not constitute evidence of the safety of
ambient levels of cadmium. It is also possible that cadmium is one of the
components of cigarette smoke which is responsible for its strongly

carcinogenic effect.

13




REFERENCES

American Conference of Governmental Industrial Hyglenists, Documentation of
the Threshold Limit Values, 4th Edition, Supplemental Documentation 1982,
Cincinnati, Ohio, p. 39

Calabrese EJ, Validation of attempts of a generic approach for regulating
air toxies. Regul Toxicol Pharmacol 1986;6:55-59

California Department of Health Services, Guidelines for Chemical Carcinogen
Risk Assessments and their Scientific Rationale, 1985

California Department of Health Services, Health Effects of Benzene, 1984
(mimeo) ‘

Environmental Protection Agency, Updated Mutagenicity and Carcinogenicity
Assessment of Cadmium, Final Report EPA-600/8-83-025F, 1985

Hart BA, Cellular and biochemical response of the rat lung to repeated
inhalation of cadmium. Toxicol Appl Pharmacol 1986;82:281-291

Kaplan PD, Blackstone M, Richdale.N; Cadmium oxide toxicity: macromolecular
binding of cadmium, zinc, and copper in the fibrotic rat lung (advance copy
supplied by commentor, no date or journal name included)

Littlefield NA, Gaylor DW, . Influence of total dose and dose rate in
carcinogenicity studies. J Toxicol Environ Health 1985;15:545-550

Oldiges H, Glaser U, The inhalative toxicity of different cadmium compounds
in rats. Trace elements in medicine 1986;3:72-75

Phalen RF, Oldham MJ, Beaucage CB et al., Postnatal enlargement of human
tracheobronchial airways and implications for particle deposition. Anat Rec
1985;212:368-380

Rinsky RA, Young RJ, Smith AB, Leukemia in benzene workers. Amer J Ind Med
1981;2:217-245

Takenaka S, Oldiges H, Konig H, et al., Carcinogenicity of cadmium chloride
aerosols in W rats. J Natl Cancer Inst 1983;70:367-371

Thun MJ, Schnorr TM, Smith AB et al., Mortality among a cohort of U.S,
cadmium production workers--an update. J Natl Cancer Inst 1985;74:325-333

Webb M, Functions of hepatic and renal metallothioneins in the control of
the metabolism of cadmium and certain other bivalent cations., In
Metallothionein, Kagi & Nordberg, eds., Boston, 1979, pp.313-320

14




' . . TABLE C-1

A COMPARISON OF THE OBSERVED DATA OF THUN ET AL.
AND THE PREDICTED RISKS FROM THREE MODELS

Low Middle High x? p-value
_ ' (df)*
OBSERVED: 2 7 7
PREDICTED:
EPA Nonthreshold Model 4 .53 7.33 6.08 1.6(2) .45
EPA Threshold Model 3.77 4.61 7.00 2.1(1) .15
DHS Nonthreshold Model
with Healthy Worker Effect 2,94 5.99 7.44 0.5(1) 48

* df=degrees of freedom

.




ATTACHMENT A

Tssues in the Selection of Dose-Response Models

Thresholds

Traditional toxicology incorporates thresholds in the dose-response
relationship. These are dose levels below which a toxicological response
is not observed. This is not to imply that cellular or tissue damage does
not occur below the "threshold® level, but rather that the organism either
has the reserve capacity to withetand damage or is able to adapt to the
toxicological stress. For toxicologic effects, a threshold is said to
occur at dose levels that are insufficient to cause damage. Eor example,
if a toxic substance killed nonreplicating optical neurons, sight would
not suffer until a sufficiently large number (perhaps millioms) of cells
had died.

But the processes of carcinogenesis appear to be qualitatively different
from those in classical toxicology. In contrast to the toxic effects
described above which invelve impairment of functions at the organ or
organism level, the initial "target” for carcinogenic action is believed
to be extremely small. As we develop a better understanding of the
mechanisms of carcinogenesis and mutagenesis, it appears likely that many
carcinogens interact with DNA or other target macromolecules. In addi-

tion, there is evidence that the occurrence of such events in a single
28 29

cell can produce cancer. ' The delivery of the critical molecules to
critical cell at the critical time involves the interplay of a variety of
protective defense systems within the body. Howeveér, there is some finite
probability that a few molecules would evade these defenses and produce an
event that triggers carcinogenesis. This scenario, so different from

_classic toxicologic processes, makes a threshold less 1likely for
carcinogenesis.

Despite this, a pharmacokinetic argument has been made for the existence
of practical operation thresholds. For example, the observation of a
plateau of response at the high dose levels of the vinyl chloride dose-
response curve is interpreted to mean that the enzyme system(s) that
activate vinyl chloride to its carcinogenic species are overloaded or
.saturated, The argument is then made by analopgy that protective enzymes
systems that deactivate carcinogens and are reasonably effective at low

doses may likewise be saturated and hence be less protective at the high
30_54
doses encountered in animal biloassays.

A model that produces a threshold in the dose-response curve has been
developed, This model is based on the concept that high doses of car-
cinogens can overcome protective systems. However, this model produces a
threshold by requiring that the carcinogen be instantaneously deactivated,
which is wunlikely. 1I1f detoxification reactions are not instantaneous, a
small amount of the agent may escape detoxification by protective enzymes
and interact with the DNA. 1In this instance, the protective effect of
detoxifying enzymes would decrease the slope of the dose-response curve

35
but would not produce a classical threshold.
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Even if thresholds could be determined for individuals, establishing a
population threshold is more difficult because of the observed variability
of the human population. This wvariation is a consequence of extreme
genetic heterogeneity and differences in physiological state associated
with age, sex, reproductive activities, nutrition, and exposure to
environmental/ occupational stresses including other carcinogens, Even if
it 1is assumed that each individual in the population has a threshold
defined (at any one time) by his or her physiological state, the popula-
tion 1is 1likely to be characterized by a wvery wide distribution of

thresholds such that there may not be an absolute lower bound or popula-
6 36 37
tion threshold. ' ' Since the threshold dose for the human population

should be the threshold dose for the most sensitive individual, this dose
may be so low as to be effectively zero., By analogy, the threshold dose
for an individual or organism is the threshold dose for the most sensitive

88
cell, .and this may also be extremely low. Operationally, these wvariable
threshold models are difficult to distinguish from nonthreshold models
that are concave upward at low doses.

These models would produce absolute thresholds only under the assumptions

of instantaneous deactivation and repair. Other models 5 predict non-
linearities in ‘the dose-response curve that will lead to practical, but
not absolute, thresholds. The presence, or absence, of an absolute
threshold remains wunconfirmable. The EDOl study indicated that the 2-AAF
mouse exhibits an apparent threshold for bladder cancers at low doses.
However, re-analysis of this low-dose data at greater resolution indicated
that the threshold was more apparent than real: the incidence of bladder

tumors increased with dose even at the low doses, and no threshold level
'
could - be determined. Thus, scientists are now less concerned with the

existence of thresholds than in the degree of nonlinearity of the dose-
response curve in the low dose regionm.

Another factor against the existence of thresholds for carcinogens is the
substantial "background"” incidence of cancer in Thumans. Unless each
carcinogenic substance operates by a unique mechanism, an additional small
exposure to a substance may supplement an individual's exposure to other
carcinogens operating by a similar mechanism. The high incidence of
cancer of unexplained etiology demonstrates that human exposure is well in
excess of any possible population threshold for at least some of these
mechanisms. Viewed in this manner, since we cannot know which of the
possible carcinogenic mechanisms are already operating and contributing to
background iIncidence, we will assume that no additional exposure, however
small, may be considered free of risk.

For these reasons, the DHS guidelines for risk assessment will not include

' the concept of "thresholds" for carcinogenesis unless clear and convinecing

evidence is presented to demonstrate their existence for a specific car-
a7 8 ]
cinogen in specified circumstances (NAS ' , OSHA , OTA , Food Safety
10 11

Council '
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a1ave ©f LGITOITHG ) Departmant of Health Services

Memorandum

Yoo : William Lockett, Chief Date : October 10, 13986
. Office of External Affairs Subi
Air Resources Board umed:Response to
1102 Q Street Ciba-Geigy letter on
Sacramento, CA 95812 Cadmium

from : gFpidemiological Studies
and Surveillance Section
714 P Street
Sacramento, CA 95814

I have reviewed the comments and information contained in a letter addressed
to Mr. Cliff Popejoy of the California Air Resources Board from Dr. Martin
E. Bernstein of Ciba-Geigy Corporation dated June 18, 1986, I found the
comments similar to those submitted earlier by Ciba-Geigy and the Cadmium
Council. These comments point out that there is a difference in the toxic .
potency of wvarious cadmium compounds probably due to the difference in
solubllity. 1In particular, cadmium sulfide is less toxic than cadmium oxide
or cadmium chloride.

It is evident from the information submitted in this letter and in the

earlier submissions that there is a difference in toxiecity. 1In a previous

set of responses (letter from Gary Murchison of ARB containing an addendum
g to the Draft Report on Cadmium, dated July 17, 1986), staff of the
'-"-5. Department of Health Services indicated that such a difference does exist
i (pages 7 and 9),

1 would 1like to point out that cadmium oxide, sulfate, and carbonate are
considered the primary species of cadmium in anmbient California air.
Evidence indicates that these compounds act more like cadmium chloride,
which was shown to be carcinogenic in an animal bioassay, than cadmium
sulfide, which the commentor has indicated is less toxic than other cadmium
compounds.

In the final paragraph of the letter, it was stated that no neoplastic
lesions had been found in exposed animals that were part of the on going
study cited in the letter. I believe it is premature to determine the
adequacy of this study since the study is still in progress and the only
pathology results appear to be for animals exposed for less than one year.

-~

If you have any questions, please call me at 324-2829.

David M. Siegel, Ph.D.
Staff Toxicologist

. cc: Michael Lipsett

Raymond Neutra




ity Chemical and Altomic Workers
[nternational Union

J. E (JACK) FOLEY R 304 FREEWAY CENTER BUILDING
DIRECTOR, DISTRICT NO. 1 panrtd 3605 LONG BEACH BOULEVARD
® LONG BEACH, CALIFORNIA 0807

e ool PHONE: (213) 426-6961

February 8, 1985

Mr. Peter D. Venturini, Chief
Stationary Source Divisien
AIR RESOURCES BCARD

1102 "Q" Street

Sacramentc, California 95812

Dear Mr. Venturini:

In response to your communication regarding Cadmium that
matter has been referred tc our headgquarters in Denver,
Colorado Hezlth & Szfe:y Dept.

I would appreciate any reguest of this nature, in the
future, be sent cur Denver office, addressed as follows:-
. 0il, Chemical and Atcmic Workers International Unian,
Health & Safety Department, P.0. Box 2812 Denver, CO.
20201 to the attention of Direc=ocr Dan Edwards with a
copy to this coffice, as adcresseé on this letterhead.

Thank you for keeping us informed.

Very truly yours,

S,

JEF:rmm” J.Z. Foley
cc: D. Edwards iDirector, Distri 1
File s sLriee
1-///’
RECEIVED

FEB 1413985

Stationciy Scuree
Divigion
Air Resources Board




- T T ER e E B e ) L= )

emorandum

Peter D, Venturini, Chief Pate : February 13, 1985
ationary Source Division
r Resources Board ‘ Piace : Sacramento

1102 Q Street
Sacramento, CA 95814

Department of Food and Agriculture

ect: Request for Information Regarding Cadmium

Thank you for your letter regarding your information search on cadmium. Cur-
rently, only one pesticide containing cadmium is registered for agricultural
use in California, Cleary's Granular Turf Fungicide which contains 0.75%
cadmium (as cadmium chloride) is not widely used in California.

The Department has no additional health effects data on cadmium to contribute.

Ryt +

Rorli Johmsten, Assistant Director

=5t Management Environmental

Protection and Worker Safety -
(216) 322-6315

cc Assemblywoman Sally Tanner
William V. Loscutoff, Chief, ARB
Alex Kelter, DHS

RECEIVED
FEB 151985

Seepionary Souyrce
Divisien
Lir Resouraes foard

INAME

0106




B A\ g'E‘éLE!EOLOGIES _ | Inmont Corporation
. INMONT

. ’e

1285 Broad Street

P.O. Box 6001

Clifton, New Jersey 07015-6001
201/365-3400 .

February 13, 1985

FPeter D. Venturini, Chief
Stationary Source Division
State of California

Air Resources Board

1102 Q Street

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Venturini:

Your request for information on cadmium was
forwarded to me., I must report that we have
no health effects information on cadmium,
But, please add me to your mailing list to

oo receive yeur infermation inguiries in the
. future. -
Sincerely yéﬁrs,
= ¢ o /-
Af;ybu//éy & _sp77
ﬁugene G. Wood
Manager,
Industrial Hygiene
EGW:mse

HECE‘\’ED

FEE 1 91985

Staticneny Source

. Divizion
Alr Rosources Eoard

JAN 19 39, ,
IIllllIllllllllllllllIllIIIIIl-----------------;--------J




UNIVERSITY OF WASHINGTON
SEATTLE, WASHINGTON 93193

School of Public Health and Community Medicine
Department of Environmental Health, SC~34

February 12, 1985

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Cadmium

California Air Resources Board
P.0O,., Box 2815

Sacramento, Ca 95812

Dear Dr. Loscutoff:

Please find listed below several references on the
developmental toxicity of Cadmium:

Barr, M: The teratogenicity of cadmium chloride in two stocks of
Wistar rats. Teratology 7:237-242, 1973.

o Chernoff, N.: Teratogenic effects of cadmium'in rats.
Teratology £:29-32, 1973.

Cvetkova, R.P.: Materials on the study of the influence of
cadmium compounds on the generative function., Gig. Tr. Prof.
Zabol, 14:Z1, 1970.

Dencker, L.t Possible mechanisms of cadmium fetotoxicity in
golden hamsters and mice: uptake by the embryo, placenta and
ovary. J. Reprod. Fert. 44:461-471, 1975.

' Levin, A.A. and Miller, R.K.: Fetal toxicity of cadmium in rat:
Decreased utero-placental blood flow. Toxiccl. Appl. Pharm. 58:

Mulvihill, J.E.; Gamm, S.H, and Ferm, V.,E.: Facial formation in
normal and cadmium-treated golden hamsters. J. Embryol. Exp.
Morphel., 24:393~-403, 1970.

Thueraut, J.; Schaller, K.H.; Engelhardt, E. and Gossler K.: The
cadmium content of the human placenta. Int. Arch. Occup.
Environ. Health 36:1%-27, 1975.

An excellent reference source for further information on the
developmental toxicity of compounds is:

. T.H. Shepard

Catalog of Teratogenic Agents
. Johns Hopkins Press, Baltimore, 1984,




Several general references that you may want to include in
vour references are:

Hutton, M.: Sources of Cadmium in the Environment. Ecotoxic.
and Environ. Safety. 7:9-24, 1983.

Ttokawa, Y., Abe. T., Tabei, R., and Tanaka, S.: Renal and
Skeletal Lesions in Experimental Cadmium Roisoning. Arch.
Environ. Health. 28:149-154, 1974,

Korte, F. Ecotoxicology of Cadmium: General Overview,
Ecotoxic., and Environ. Safety. 7:3-8, 1983.

Lauwerys, R.R., Buchet, J.P., Roels, K.A., Brouwers, J., and
Stanescu, D.: Epidemiological Survey of Workers Exposed to
Cadmium. Arch. Environ. Health. 28:145-7, 1974.

Lemen, R.A., Lee, J.S., Wagoner, J.K., and Blejer, H.: Cancer
Mortality Among Cadmium Production Workers. Ann, N.Y. Acad.
Sci. 271:273-?, 1976.

Rieth, F.H., Stocker, W.G., and Thiess, A.M.: Chromosome
Investigations of Workers Exposed to Cadmium in the Manufacturing
of Cadmium Stabilizers and Pigments. Ecotoxic. Environ. Safety.
7:106-2, 1983, '

Quaife, C., Durnam, D., Mottet, N.R.,: Cadmium
hypersusceptability in €34 mouse liver: cell specificity and

possible role of metallothionein. Tox. Applied Pharm. 76:9-17,
1984.

I hope this information is useful.

Sincerely,

Gty TRl apy-Lg 2
f Elaine Faustman-Watts
Assistant Professor

EFW: It




Ford Motor Company The American Road

Dearborn, Michigan 48121

February 18, 1985

Mr. William V. Loscutoff, Chief
Toxjc Pollutants Branch

Re: Cadmium and Asbestos
California Air Resources Board
P.0. Box 2815

Sacramento, CA 95812

Subject: Response to Mr. P. D. Venturini's Reguests for Information
Regarding Cadmium and Asbestos

Dear Mr. Loscutoff:

The Ford Motor Company has not undertaken independent scientific studies to
evaluate the health effects relating to either cadmium or asbestos.

Rather, the Company guantitatively measures the ambient concentrations
within the plant environments of regulated and-suspected toxic air
contaminants. These concentrations are evaluated with respect to the
current Occupational Safety and Health Administration permissible exposure

‘1imits, National Institute of Occupational Safety and Health recommended

standards, and American Conference of Governmental Industrial Hygienists
Threshold Limit Values.

‘We regret that we are unable to submit information pursuant to your

inquiries concerning health effects but we would like to continue to
receive information on your progress in regulating toxic air contaminants.

Yours iru1y, 1fi::?

F. P. Partee

Principal Staff Engineer

Air/Noise. Compliance

Stationary Source Environmental
Control Office

10:DKJ7/L




UNIVERSITY OF CALIFORNIA, RI\’ERSIDE

[ .

f#ra
BERKELEY ¢+ DAVIS v JRVINE » LOSANGELES ¢ RIVERSIDE * SaNDIEGO + SAN FRANCISIO ‘\‘:/

SANTABARBARA

*»  BANTACRUZ

.LLEGE OF NATURAL AND AGRICULTURAL SCIENCES RIVERSIDE. CALIFORN]S 92521
CITRUS RESEARCH CENTER AND
AGRICULTURAL EXPERIMENT STATION
DEPARTMENT OF SOIL AND ENVIRONMENTAL SCIENCES
February 27, 1985

RECEIVED
-Mr. Peter D. Venturini, Chief 1935
Stationary Source Division MAR 4 _
Air Resources Board .
; Stati
1102 Q. Street ?ﬁﬂﬁj?""°

P.0. Box 2815 Air Resources Boare!
Sacramento, CA 95812

Dear Mr. Venturini:

This is a response to your request for information regarding
cadmium. The following two articles published by the Department of

Soil and Environmental Sciences, University of California, Riverside,

CA, are submitted, herewith, for your consideration. Both papers
dealt with environmental and biclegical transformations of cadmium:
l. Page, A. L. and A, C. Chang. 1979, Contamination of

' s01l and vegetation by atmospheric deposition of trace
metals. Phytopathology 69(9):1007-1011..

2, Page, A. L., M. M, El-Amamy and 4. C. Chang. 1984,
Cadmium in the environment and its entry into ter—
restrial food chain crops (to be published as Chap.
2 in a cadmium book; publisher Springer-Verlag, New
York, N.Y.)}.

Sincerely,
e A:_/—, - o
CHTC L AT

4. C. Chang =

ACC:3it
Enclosures

ce: M. M. El-Amamy
A. L. Page
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Cadmium Ceouncil, Inc.
292 Madison Avenue
New York, N.Y 10017

212 578-4750

February 28, 1985

Lynn Terry

Stationary Sources Division
Air Resources Board

1102 Q Street

F.O. Box 2815

Sacramento, CA 95812

Dear Ms. Terry,
I am sorry for the delay in responding to your request but the Yost and

Greenkorn study was being printed. I have also included the proceedings
from the Second, Third, and Fourth International Cadmium Conferences,

a book entitled Cadmium Chemicals, and an article, "The Effect of Cadmium

on the Enviromment" by J. F. Cocle and R, A. Volpe.

I will gladly carry ocut a data search for you if vou need further infor-
mation. I will be calling you shortly te see & I may be of further

assistance.
Sincerely,
. S P
. 7‘_4'.- IR N S R

.7 Giovina L. Leone
Assistant Director
Environmental Regulations

mfel

enclosures




DEPARTMENT OF THE ARMY
U.5. ARWY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010-5422

REPLY TO MAR ]2 I.J?t:
ATTENTION OF

Occupational and Environmental
Medicine Division

William VY. Loscutoff

Chief, Toxic Pollutants Branch
‘California Air Resources Branch
P.Q, Box 7015

Sacramento, Califernia 95812

Dear Mr. Lbscutoff:

_ While the US Army Environmental Hygiene Agency does not
conduct research into the toxicology of cadmium, we are aware
of an EPA draft document, not -included in your bibliography,
which you may wish to review. The title is: Updated Mutagenicity
and Carcinogenicity Assessment of Cadmium, Addendum to the
Health Assessment Document for Cadmium {May 1981, EPA-600/8-81-023),
EPA-600/8-83-025B, April 1984, External Review Draft. This
document 1is available from the National Technical Information
Service. -

Any comments should be directed to Major Robert K. Petzold,
M.D. at this Agency.

Sincerely,

" ' L

>1;-t_h- 0 /-w\“- 0‘4-’0
1 C. Gaydos 1

Colonel, Medical Corps

‘Director, Occupational and
Environmental Health
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REANUFACTURERS '
ASSOCIATION

Representing the Color Pigments Industry SUITE 202 200 NORTH WASHINGTON STREET

ALEXANDRIA, VA 22314 {703) 684-4044

Mailing Address:
P.0. BOX 931, ALEXANDRIA, VA. 22313

[$ar e

March 29, 1985

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Cadmium

California Air Kesources Board
P.0O. Box 2815

Sacramento, CA 95812

Dear Sir:
Subject: Request for Information Regarding Cadmium

The Dry Color Manufacturers' Association (DCMA) appreciates receiving frem the
California Air Resocurces Board their request to furnish information on the
health effects of cadmium.

The DCMA is an industry trade association representing small, medium and large
pigment colior manufacturers throughout the United States end Canada,
accounting for approximately 95% of the preoduction of color pigments in these
countries. Included within the DCMA structure is™the Cadmium Pigments
Committee f{the "Committee'") which is composed of major manufacturers of
cadmium pigments.

The Committee has been active for manv years in addressing safety and health
concerns with respect to cadmium pigments. It has provided infermation to
interested government agencies and to the public with respect to these
concerns. In addition, the Committee has sponsored various testing activities
and studies conducted by consulting professors, laboratories and institutions.
Consequently, the Committee is generally recognized as the primary source of
expert industry information on cadmium pigments, including safety and health
concerns, The Committee is vitally interested in any development that might
affect the use of these important color pigments.

While the Committee has undertaken animal studies to demonstrate that cadmium
pigments, owing to their insolubility, are less bio-availsble than more
soluble cadmium compounds both by ingestion and inhalation, no studies have
been undertaken by the Committee that relate to levels of cadmium in the
atmosphere over urban and rural areas. ’

3
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It is noted that the list of references on cadmium enclosed with your letter

of February 4, 1985 does not include a comprehensive review of environmental .

levels of cadmium prepared by Dr. Kenneth J. Yost of Purdue University, West

Lafayette, Indiana entitled "Cadmium, the Environment and Human Health: An .
Overview" (Experientia 40 (1984) Birkhauser Verlag CH-4010 Basel/Switzerland).

A copy is enclosed. Taking into account the production of cadmium, its major

uses and disposal into the environment, this report concludes that

"respiratory (inhalation) intake of cadmium by urban populations is

negligible".

You are no doubt aware of the data available on ambient air levels of cadmium
in Section 4.,2.! of the U.S. Environmental Protection Agency "Health'
Assessment Document for Cadmium" prepared by L.D. Grant, et sl. and dated
October 1981 (EPA 600/8-81-023). With few exceptions the average annual
cadmium levels for U.5. cities studied fell within a range of | to 20
nanograms/cubic meter of air. From these values it has been estimated that
cadmium in the smbient air contributes less than 2 micrograms per day of an
adult's uptake of cadmium as compared to from 20 to 30 micrograms per day by
way of the diet.

You may find of interest the enclosed booklet published by the Committee ;
several years ago entitled, "Cadmium Pigments - An Encouraging Outlook".

It is understood that the health evaluation report to be prepared by the ARB
staff for submission to a Scientific Review Panel will be made available to
the public. Your sending us a copy of this report when available or advising
us how to obtain a copy will be very much appreciated.

Sifncere N ‘
/s m -7 N
Ty )

J. Lawrence Robinson
Fxrecutive Vice President

Enclosures (Yost Paper and "Cadmium Pigments - An Encouraging Outlook")
cc: Peter D. Venturini, Chief

Stationary Source Division

State of California

Air Resources Board

P.0O. Box 2815

Sacramento, CA 95812




PACIFIC GAS AND ELECTRIC COMPANY

.:5\:.—-“_; —_— 77 BEALE STREET + SAN FRANCISCO, CALIFORNIA 94106 » (415} 781-4217 « TWX 910-372-6587

April 16, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

RE: Cadmium

California Air Resources Board
P.0O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Request for Public Health:
Information Regarding Cadmium

Pacific Gas and Electric Company received your February 4, 1985
reguest for additional public health information regarding
Cadmium. We reviewed the biblilography and concluded that we are
. unaware of any additional information which would be of use to

' you. .

PGandE would like to remain on the Cadmium mailing list, and
would appreciate receiving coples of futrure announcements on
repsorts. Please send future communications to me at:

Pacific Gas and Electric Company
77 Beale Street = Room 1357

P.O0. Box 7640
San Francisco, CA 94124

Thank you.

Sincerely,

-//;/<, P
U1 e 7

F. McKENZIE
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STATE GF CAUFORNIA . ‘ GEORGE DEUKMEJIAN, Governor

DEPARTMENT OF FOOD AND AGRICULTURE

1220 N Street
. Sacramento
95814

April 22, 1985

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0, Box 2815

Sacramentc, CA 95812

Dear Mr. Loscutoff

Subject: Public Records Request
Our File PR-85-05

Enclosed please find the data on cadmium requested in vour letter of
February 4. Mr., Bill Erdman of Mallinckrodt Inc. has indicated his company
will not respond to our letter of February 27. Accordingly, the two

. studies are being released.

Sincerely

'a ) / /

kg,/’kf f:jl&ﬁ/ﬁf\
o~
Lisa Brown, Staff Counsel
Pesticide Enforcement Unit
(916) 445-5895

£ill Erdman
Alex Kelter, DHS
Lori Johnston, CDFA

[¢]
i

Wayne Morgan, President CAPCOA . ..
Jan Bush, Executive Secretary, CAPCDA

David Howekamp, EPA Region IX

Assemblywoman Salley Tanner

Senator Ralph Dills

Senator Art Torres i

Emil Mrak, Chair, SAP
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flemorandum

* Kenneth Kizer, M.D., Director Dote : April 12, 1985
epartment of Health Services
: 14 P Street ‘ Swbiect: Eyaluation of

Cadmium

wn

I am writing to formally reguest that the Department
evaluate the health effects of cadmium as a candidate toxic air
contaminant in accordance with Assembly Bill 1807 (Tanner).
According to Health and Safety Code Sections 39660-62, your
Department has ninety days to submit a written evaluation and
recommendations.on the health effects of cadmium to the Air
Resources Board and may reguest a thirty day extension.

Attached for your staff's consideration in evaluating
cadmium are:; Attachment I - a suggested list of topics that we
believe should be included in your cadmium evaluation and
recommendations; Attachment II - a list of references on cadmium
nealth effects which were identified in an ARB letter of public
inguiry or received in response to the inguiry letter; and

ame 2ttachment III - ambient cadmium concentration data which should
“\gbe used to estimate the range of risk to California residents as
7 reguired in Health and Safety Code Section 39660(c).

My staff is available for consultation in conducting
this health efifects evaluation, We look forward to continuing to
work closely with you and your staff in carrying out this
legislative mandate. If you have any further gquestions regarding
this matter, please contact me at £45-4383 or have your staff
contact Peter D, Venturini, Chief of the Stationary Source
Division, at 445-0650.

Attachments

cc: Gordon Duffy

Alex Kelter, DHS, w/attachments

Raymond Neutra, DHS, w/attachments

Peter D. Venturini, ARB

Assemblywoman Sally Tanner

"Claire Berryhill, DFA

Emil Mrak, Chairman and Members
of the Scientific Review Panel -

Senator Ralph Dills

Senator Art Torres

John Holmes, ARB
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ATTACHMENT 1
Suggested List of Topics

CADMIUM

Chemical and Physical Properties

A. Cadmium compounds

B, Production and use

C. Occurrence

1.
2.
3.
4,
5.
6.

Natural

Airborne, water, soil
Cigarette Smoke
Occupational

Plant Uptake

Food

Acute Health Effects
A. Acute pulmoriary toxidity

B. Chronic renal damage {(see Section V)

Carcinogenicity
A. Epidemiologic evidence

l.

Lemen study (1976). Cohort of 292 workers in cadmium
production facility. An excess of malignant respiratory
disease found as was an excess of cancer of the prostate.

Varner study (1983). An enlarged version of the Lemen study
that demonstrated dose-response relationships for both lung
cancer and total neoplasms.

Thun study (1984). Cohort of Lemen expanded to 602 white males
with at least 6 months work in cadmium production between 1940
- 1969, This cohort was followed through 1978. Mortality from
cancer of the respiratory tract (but not the prostate) was
significantly greater in the cohort than the general population
(2:1). cCancer mortality increased with an increase in
exposure. Thun considered both possible confounders of arsenic
and smoking and dismissed both.

-1-




B.

4.

Other epidemiologic studies: Sorahan et al., 1983; Armstrong
et al., 1983, 1982; Holden H., 1980; providing limited
additional epidemiologic evidence for excess lung cancer
mortality.

C. A. G.: Further evidence provided by CAG under the
assumption that arsenic is additive to the risk of lung cancer
from cadmium while smoking is multiplicative indicates that the
upper bound for the expected number of lung cancer cases is

still significantly below that of the observed number of cases

at the P< 0.05 level in the Thun study.
NIOSH: Cadmium is a potential occupational carcinogen.
IARC: The human epidemioleogic evidence appears to provide

limited evidence of lung cancer risk from exposure to cadmium.
(conclusion prior to Thun study).

Animal evidence

41‘

Takenaka et al. study, 1983. Exposure of rats to cadmium
chloride aerosol by inhalation was done over the lifetime of
the animals. A positive dose-response relationship for the
development of primary lung carcinoma was shown. 25 out of 35
rats {(71.4%) exposed to 50 ug/m3 cadmium chloride aerosol
developed lung cancer compared to O out of 38 unexposed
controls. 20 out Of 38 (52.64) exosed to 25 ug/m> and 6 out
of 39 (15.4%) exposed to 12.5 ug/m~ developed lung cancer.
Additional animal studies contributing information to the
carcinogenic potential of cadmium.

a. Lung cancer in rats by single inhalation exposure (Hadley
et al., 1979).

S !
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. b. Mammary tumors in males by multiple tracheal instillation
(8anders et al., 1984).

c. Pancreatic Islet cell tumors following parenteral
administration of cadmium chloride (Poirier et al., 1983).

d. Prostate tumors by injecticns of cadmium chloride into
prostate (Scott and Aughey 1979)

e. Interstitial-cell tumors of the testis observed following
testicular atrophy in rats and mice given s.c, injections
of soluble cadmium salts, cadmium sulphate and cadmium
chloride (Gunn 1964 and 1963),

f. Local spindle-cell sarcomas in Wistar rats by single s.c.
injections of cadmium chloride, sulphate, sulfide, and
oxide (Knorre, 1970).

C. Short-term tests for genotoxicity

1. Gene mutation on DNA damage in bacteria or fungi

a. Data is conflicting. HNegative results reported by Heddle
and Bruce 1977, Milvy and Kay 1978, Polukhina et al. 1977,
Putrament et al. 1977.

b. Positive results reported by Hedenstedt et al. 1973,
Nishioka 1975, and Kanematsu 1980, Takahashi 1972.

2. Gene mutations in mammalian cell cultures

a. Mouse lymphoma assay - mutagenic by Amacher and Paillet,
1980. Also positive results by Oberly et al. 1982,

. b. Chinese hamster cell assay
-3~
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Mutagenic results reported by Casto (1976). Ochi and
Ohsawa (1983) demonstrated single strand DNA scission by
cadmium indicating formation of DHA-protein cross-linking
by cadmium.

3. Studies of cadmium mutagenesis via sex-linked recessive lethal

test in Drosophila Melanogester

a.
D.

Majority of studies show no mutagenic response.
pominant lethal test in Drosophila resulted in a positive
response with a deose-response relationship.

Chromosomal aberrations

In human lymphocytes and human cell lines results have been
conflicting and contradictory.

Chinese bamsﬁer cells - Chromosomal aberrations followed
treatment with cadmium. )

Mouse carcinoma cells -~ no aberrations noted following
cadmium treatment.

No observed chromosomal aberrations in bone marrow cells of
rodents treated with cadmium.

Plants exposed to cadmium demonstrated chromosomal
aberrations and gene mutations.

cadmium is a mutagen that interfers with spindle formation

~ in vitro and in vivo studies in mammais.

Cadmium induces aneuploidy in CHO cells and in whole
mammals and germ cells of female mice and Syrian hamsters.

4~




h.

Numerical aberrations induced by cadmium chloride in female
germ cells of mice are inherited in embryocs.

IV. Reproductive Effects

A. Animal studies
Testicular damage by cadmium in mice (Gunn et al. 1965, Parizek
1960)

1.

Pretreatment of mice with zinc reduces incorporation of

cadmium into spermatids.

Cadmium inhibits incorporation of Thymidine into
spermatogonia-(significant reduction of litter size by
injection of 1 mg/kg b.w. cadmium chloride into male mice
15 to 48 days before mating with untreated female mice)

Destruction of testicular cells (spermatogenic and
interstitial) of rabbits given 1 to 8 s.c. injections of
9-18 mg/kg b.w. cadmium chloride.

One s.c. injection of 0.05 mmol/kg b.w. (9.2 mg/kg b.w.)
cadmium chloride into rabbits produced aspermia within 4
weeks with no recovery. (Paufler and Foote, 1969).

Schroeder and Mitchner (1971) exposed mice for 3

generations to cadmium in drinking-water (10 ug/ml) which
produced a reduction in litter size in breeding mice with
loss of strain characteristics after two generations and

congenital anomalies.

Teratogenesis in rats by daily oral administration of 20~80
mg/kg b.w. cadmium chloride days 6 to 19 gestation.

(scharf et al 1972).




g. Teratogenesis in golden hamsters by i.v. injection of 2-4 | .
mg/kg b.w. cadmium sulphate on day 8 of gestation produced
cleft lips and palates and other facial defects {(Ferm and
Carpenter 1968). Also in rat by Barr, 1973; Chernoff, 1973
and Ishizu et al, 1973.

h. Necrosis and blood clot formation of placenta with fetal
death 24 hours after s.c. injection of cadmium salt into
rats on one of days 17-21 of pregnancy (Parizek, 1964).

i, Exposure to very low doses of Cd by inhalation did not
demonstrate teratogenesis.

B. Human Studies
a, Sex differences; multiparous post-menopausal women in Fuchu,
Japan develop itai - itai disease (Tsuchiya, 1969)
characterized by elevated cadmium blood levels and osteomalacia -
{proximity to cadmium mine). .

b. Placental transfer: Lauwerys, Bachet, Rolls and Bubermont-a
series of papers on cadmium levels in Belgim women in placenta,
maternal and cord blood between 1975 -~ 1976. Results suggest a
partial placental barrier to cadmium transfer. Cadmium crosses
the placenta and levels in the fetus are generally slightly
less than in maternal blood. Results in smokers suggest
cadmium from smoking may induce metallothionein synthesis in
the placenta which can bind cadmium and protect the fetus.

c. Study of Tsvetkova, 1970, showing no effect on the menstrual
cycle in 106 women working with cadmium.

d. There is limited evidence that reported exposure to very high
levels of cadmium may induce testicular damage in men. (Smith

et al, 1960 and Favino et al, 1968). f

-6-
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. V. Pharmacokinetics and Toxicity
A. bhAnimal studies - toxicity ,
1. LCSO in dogs of cadmium chloride mist: 0.32 mg/cadmium/l of

air for 30 minute exposure., (Barrison et al., 1947)

2. Lb_,. in mice, rats, guinea pigs, rabbits, dogs and monkeys of

50
cadmium oxide fumes for 10-30 minutes were & 700, 500, about
3500, about 2500, 4000 and 15,000 min—mg/m3, respectively
(Barrett et al., 1947). 1l% retention of cadmium oxide by the

lungs of these animals.

3. Snider et al. (1973) produced emphysema experimentally in male
rats exposed to cadmium chloride aercsols {0.1% solution) for 1
hour per day for 5-15 days.

4. Cadmium damages testes of experimental animals (see section IV).

. 5. Several experiments in rats (Friberg et al., 1974, 1975) show
kidney tubular damage when the concentration in the Kkidney
cortex is about 200 ug/g wet weight,

6. Hypertension has been produced in rats given cadmium in
drinking water ( 5 ug/mi Cd) for long periods of time (Kanisawa
& Schroeder, 1969; Perry and Erlanger, 1974).

7. Cadmium may produce zinc deficiency (Petering et al., 1971)

8. large doses of zinc prevent toxic action of cadmium on testes
(Friberg et al., 1974)

B. Animal studies -pharmacokinetics
1. Biological half-life of a single oral dose of cadmium in female

mice was estimated to be 200 days (Richmond et al., 1966).




2. Following inhalation 10 to 40% of Cadmium is absorbed, | .
primarily in the lung and additionally by the gastrointestinal
tract after mucocilliary clearance,

3. Absorbed cadmium in rats is first transported to the liver and
slowly transferred to the kidney. Only 1 to 2% of absorbed
cadmium is excreted via the urine or feces. Metallothionein (a
low mol. wt. protein) found in the liver, red cells, plasma and
duodenal mucosa of several species is thought to play an
important role in transport of cadmium in the body. (Norberg,
1971; Friberg et al., 1974). <Calcium and iron deficiencies
enhance the absorption and tissue retention of cadmium.

C. Man: toxicity and pharmacokinetics

1. Long term exposure of man to large amounts of cadmium by
inhalation or ingestion eventually causes renal tubular
dysfunction (Bolden, 1969; Piscator, 1962; Potts, 1965). .
Osteomalacia may result from disturbances in mineral metabolism
(Adams et al, 1969; Friberg, 1974). |

2. Cadmium's role in human hypertension causation is uncertain
(Friberg et al., 1974)

3. About 5% of ingested cadmium is absorbed (Rahola et al., 1972;
Yamagata et al., 1974) and remainder is excreted in feces.
Non-exposed subjects excrete 10-60 ug daily in feces (Wester,
1974).

4. Cadmium is stored with metallothionein in the liver and
kidneys. One-third of body burden occurs in the kidneys
(Friberg et al., 1974).

5. Newborn is practically free from cadmium (Schroeder et al.; .

1961).
-8~




Normal levels in kidney cortex at age 50 ranges from 15-30
ug/g. (Priberg et al.; 1974)

smokers have higher (5-100%) renal concentrations of cadmium
than do non-smokers (Lewis et al., 1972)

Urinary excretion of cadmium is 1-3 ug/day in adults. Smokers
excrete more (Piscator, 1976).

Biological half-life of cadmium in man is 10-30 vears {(Elinder,

- et al., 1976).

VI. Risk Assessment: (Review Articles: U.S. EPA Draft-{April, 1984])
Updated Mutagenicity Assessment of Cadmium)

A. Cuantitative estimation of risk

l.

Unit risk for cadmium in air (lifetime-cancer risk éccurring in
a hypothetical population in which ali individuals are exposed
continuously from birth throughout their lifetimes to a
concentration of 1 ug/m3 of the agent in the air they breathe)

Potency of cadmium relative to other carcinogens that CAG has
evaluated.

pata for quantitative estimation of risk taken from:
a., Lifetime animal studies or

b. Human studies where excess cancer risk has been associated
with exposure to the agent.

[}
c. Mutagenicity studies of irreversible damage to DNA.

{Quantal type of biologic response characteristic of

-9-




mutagenesis is associated with a linear non-threshold

dose~response relationship).

B. Dose-response assessment based on:

1.
2,
3.

Available animal data
Human epidemiology and monitoring
Workplace evidence

C. Range of potential risks

1.

Unit risk estimate based on animal study of Takenaka et al.
(1983) using male Wistar rats and cadmium chloride inhalation

- exposure over lifetime of rat with dose-response relationship

shown.
Unit risk estimate based on a human study.

Study of Thun et al. (1984). Cohort of cadmium smelter workers
hired on or after January 1, 1926, and employed for at least 2
years in a production capacity in the same plant from January
1, 1940 to December 31, 1969 developed 16 cases of respiratory
cancer deaths through December 31, 1978. (Only 6.99 would be

expected].

-10-
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. ATTACHMENT 111

Ambient Cadmium Concentrations and
Emission Trends
Data from the U.S. Environmental Protection Agency's National Aerometric
Data Bank for the 1964 to 1585 period show mean cadmium concentr;tions between
0 (below detectable 1imit) and 125 ng/m3. At stations where more than 50
percent of the samples were above the detection limit for sampling periods
between 1976 and 1984, mean cadmium concentrations ranged from 0.4 to 3.0
ng/m3. These data repfesent total partfcu]ate cadmium 50 um and smaller
collected from ambient air at sites throughout California.
Cadmium or its compounds are used in the production of pigments, alloys,
and nickel-cadmium batteries, as stabilizers for plastics, and in cadmium
_ plating. Potential sources of cadmium in air are emissions from secondary
. non-ferrous smelting, secondary steel production,. fossil fuel combustion,
refuse and sewage sludge incineration, cadmium electroplating, and
manufacturing of cadmium-containing products. Investigations are under way to
determine the magnitude of emissions in California from these and other types
of sources.
United States demand for cadmium is expected to increase at an average

annual rate of 1.8 percent through 1990,
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jtate of Colifornia

Memorandum
. James Boyd, Executive Officer
Air Resources Board

1102 Q Street
Sacramento, CA

Office of the Director
714 P Street, Room 1253
Sacramento, CA

‘rom

LA A
i ){) v Department of Health Services
Date August 14, 1985
- Subject: Cadmium Document _
RECEIVED

ABT -

Stationory Soune
Divisicn
Air Resources Board

I have been informed the Department of Health Services will be unable to
meet the August 9, 1985 due date for submission of the cadmium document
because it has taken longer than anticipated to complete the document.

It is expected to be completed by August 23, 1985.
Thank you for your patience.

extension until August 26, 198%.

cc: Kenneth W. Kizer, M.D.,, M.P.H.
Alex Kelter, M.D.
Donalid Lyman, #.D.

We are requesting an

Maridee CGregory,” M.D.

Acting Deputy Director
Public Hedlth
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Air Resources Board
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Sacramento
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From . Office of the Director
§/1253 5-1248

Attached is the document prepared in response to your memo
reguesting the assistance of the Department of Health Services
in evaluating the health effects of cadmium.

]

enneth W. Kigzer, M.D.,
pirector
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‘ Attechment

cc: €. Berryhill - w/o attachment
J. Sharpless ~ w/o attachment
Assemblymember Tanner - w/0 attachment
P. Venturini - w/o attachment
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APPENDIX C

STATIONARY SOURCES

1.

Cadmium Plating:

There are 31 cadmium platers in the South Coast Air Basin which
emitted 0.22 ton of cadmium in 1982. The ratio of cadmium platers
to chrome platers in the South Coast Air Basin is approximately 0.20
to 1.0 (Zwiacher et al., 1983, pp. 2ﬁ7-214). It is estimafed that
there are 40C chrome platers in California (CARB, 1985). Assuming
the ratio of cadmium to chrome platers in the state is the same as
in the South Coast, approximately 80 cadmium platers are operating
in California., Cadmium emissions from this source are estimated as
follows:

EMS = (80 platers/31 platers) (0.22 ton/year) = 0.57 ton/year

Coal Combustion: (Sierra Energy & Risk Assessment, Inc., 1982).

a. Cement Manufacturing:

* Consumption in 1984 = 1,600,000 tons

4

* Emission factor = 2,03 x 10 1b., Cd/ton

(Krishnan, et al., 1982)

*  Ems = (1,600,000 tons/yr) (2.03 x 10~ 1b cd/ton)
(ton/2,000 1bs) = 0.16 ton/yr
b. Cogeneration:
* Consumption in 1981 = 240,000 tons
* Emission factor = 1,3 X 107% 1b. cd/ton
(Krishnan, et al., 1982)
*  Ems = (240,000 tons/yr) (1.3 x 107 1b cd/ton)

(ton/2,000 1bs) = 0,02 ton/yr
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b.  Sugar Beet Processing:
* Consumption in 1981 = 25,000 tons
*  Emission factor = 9.1 x 10°% 1b. Cd/ton
{(Krishnan et al., 1982)
% Ems = (25,000 tons/yr.) (9.1 x 107* 16 Cd/ton)
(ton/2,000 1bs.) = 0.01 ton/yr.
Together, cadmium emissions from coal combustion amounted to 0.19
ton in 1981,
Residual 0i1:

California burned approximately 1.44 billion gallons of
residual oil in 1984 (CARB, 1986a; CARB, 1986b)., Of this, utilities
burned approximately 16 percent at their power plants. One utility,
Southern California Edison (SCE) used only 2.2% of the residual oil
burned (CARB, 1986a; CARB 1986b; CARB 1986¢c). Emissions for
residual 0] combustion were estimated using cadmium concentrations
of fuel oil reported by SCE and Pacific Gas‘and Electric Company
(PG&E) (SCE, 1986; PG&E, 1986), and the amount of residual oil

burned in California (CARB, 1986a).

SCE PGA&E

Cadmium concentration (ppm) 0.01 0.31-0.52
Assuming all cadmium in the residual oil is emitted into the

atmosphere upon combustion, cadmium emissions were estimated as

follows:
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a. Utility Boilers:
California utilities used approximately 232.3 million gallons

of residual o0il in 1984 (CARB, 1986a). Cadmium emissions from

-residual oil burned at utilities are estimated using equation I.

_ -1
EMS = PR ¥ D * CC * Uf (1)
Where:
Ems = cadmium emissions, tons per year

PR = Process Rate, milljons of gallons/year
D = Density of residual oil (8.2 1b./gal.), 1b./gal.
CC = Cadmium concentration of residual oil, ppm

Ug = Unit conversion factor (2000), 1b./ton

Lower (tpy) Upper (tpy} -

Ems 0.01 0.50

Note: Data on cadmium concentration from SCE were used to

estimate the lower number while the highest cadmium

concentration in fuel oil as reported by PGAE was used to

estimate the upper number.

b.  Other Sources:

Besides being used at utilities, residual oil is used in
chemical manufacturing and oil and gas extnacfion activities and in
ships. In 1984, approximately 1.21 billion gallons of residual

and/or crude oil were used by such sources (CARB, 1986a; CARB,
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1986b). Because the SCE fuel cadmium content data are only
applicable to the South Coast utilities and refineries (probably
only SCE, because SCE used foreign oils with very low sulfur
content, 0.17% to 0.18% (Stepman, 1986), and because the South Coast
industries only used approximately 0.6 percent (CARB, 1986a; CARB,
1986b; CARB, 1986d; CARB, 1986e) of total residual oil burned by
sources in this category, only data from PG&E are used to estimate
cadmium emissions. Equation 1 is also applicable for this

category. Estimated cadmium emissions are as follows:

Lower (tpy) Upper (tpy)
Ems 1.5 2.6

Adding emissions for utility boilers to that for other sources, the
statewide cadmium emissions from residual oil combustion are
estimated to range from 1.5 to 3.1 tons in 1984.

Secondary Smelters:

a. Copper:
The California Emission Data System identifies 71 copper
smelters in California. Together, these facilities consumed
54,100 tons of copper scrap in 1981 (CARB, 1985c). An
uncontrolled emission factor of 3 1bs. Cd/ton of copper scrap
was reported {(Coleman, R., 1979). Assuming 90 percent control,

cadmium emissions from these copper smelters are:

Ems = {1,0 - 0.90) * PR * Emfac

it

0.10 * 54,100 tons/yr. * 3 1b. Cd/ton * ton/2,000 1bs

8.1 tons/yr,
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b.  Zinc:

Process Rate = 51,900 tons of zinc were produced in 1981 (CARB,

1985¢).
Emfac = 0.01 1b., Cd/ton of zinc produced {Coleman, R., 1979)
Ems- = PR * Emfac

51,800 ton/yr. * 0.01 1b, Cd/ton * ton/2,000 lbs

n

0.26 ton/yr,

Cement Manufacturing:

In 1984, California cement manufacturing plants produced 8,722,000
tons of cement {U.S. DOI, 1985) and emitted approximately 3,030 tons
of PM {CARB, 1985d)} excluding PM emissions from fuel.

Assuming the ;admium concentration in the cement kiln dust removed
from the rotary kiln baghouse or ESP equals the cadmium
concentration in the particulate matter, cadmium emissions from
cement manufacturing can be estimated from total PM emissions and

the Cd concentration in cement kiln dust.

Cadmium concentration in cement kiln dust from 9 California cement
plants ranged from 5 ppm to 352 ppm and averaged 79 ppm (Haynes and
Cramer, 1982; CARB, 1985e}. Using these data and the total PM

emission, the 1984 cadmium emissions from California cement plants

are estimated to be:

Estimate based on mean

Lower Estimate Upper Estimate Cd concentration
(TPY) (TPY) (TPY)
0.015 1.1 0.24
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Resource Recovery:

Cooper Engineers, Inc. reported an uncontrolled emission factor of .

b

3.04 x 10" 1b. Cd per million Btu of solid waste heat content

(Cooper Engineers, Inc., 1984). The emission factor was obtained

from test results conducted at the Gallatin municipal ‘

waste-to-energy facility in Tennessee., It was assumed an overall of
99% controlled by application of fabric filters {(CARB, 1984). The
controlled emission factor, assuming 99% controlled, is therefore

3.06 x 107°

ib. Cd per million Btu.

Annual average waste burned at the North County Recycling and Energy
Recovery Center is 46.5 tons/hr or 5,21 x 108 Btu/hr,, assuming
waste has an energy of 5,600 Btu/1b. (CARB, 1984). If the Center
operates 24 hrs/day, 7 days/week and 50 weeks/yr., cadmium emissions

from this facility is calculated as follows: '

PR * Emfac

5.21 x 108 Btu/hr. * 8400 hrs/yr. * 3.08 x 1075 1b/10°

Ems

Btu

13.3 1bs/yr.

Fertilizer:

* Superphosphate applied in 1983 = 6,000 tons (Cushman, R., 1984)
* Emission factor = 0.0002 1b, Cd/ton of superphosphate applied.
(6,000 tons/yr.) (0.0002 1b. Cd/ton)

it

Ems

1l

1.2 1bs/yr.
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III

MOBILE SOURCES

1.

d.

Ce

Combustion:

Gasoline:

Motor gasoline consumption in 1984 = 1,224 x 10]0

gallons
(Morgester, J., 1985). An average cadmium contenF of gasoline
is 0.02 mg/1 or 1.67 x 1077 ibs/gal. {Lee et al., 1973).
Assuming all cadmium in gasoline is emitted from vehicular
exhaust upon combustion, cadmium emissions from gasoline
combustion are calculated as follows:

10 gals/yr. * 1.7 x 10'7 1bs/gal. *

Ems = 1.224 x 10
ton/2,000 1bs. = 1,0 ton/yr.
Diesel Fuel:

Diesel fuel consumed in 1983 by California motor vehicles was

. estimated to be 1.46 x 109 gallons (CARB, 1983). Cadmium

content of diesel fuel is 0.08 g/m3 or 6.7 x 1077 1bs/gal.
(Tierney, et al., 1979). Based on estimates made in 1983 of
consumption of diesel fuel in 1984, and assuming all cadmium in
diesel fuel is emitted, cadmium emissions from diesel-powered
vehicies are estimated as follows:

Ems = 1.46 x 10° gal/yr. * 6.7 x 1077 1b. Cd/gal. *

ton/2,000 1bs. = 0.5 ton/yr.

Motor Qil:

In 1984, VMT driven by motor vehicles in California were
estimated to be 1.67 x 10]1 (CARB, 1983). An estimated

emission factor of 0.6 gram of cadmium emitted per million

kilometers driven, or 2.12 1bs. of cadmium emitted per billion
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2.

VMT driven, was reported (Tierney, et al., 1979). Cadmium emissions

from this source are estimated as follows:

11 9

Ems = 1.67 x 10" VNT/yr. * 2.12 x 1077 1b. Cd/VMT
ton/2,000 1bs. = 0.2 ton/yr.
Together, cadmium emissions from combustion of fuel and pil in motor

vehicles are estimated as 1.7 tons in 1984.

Tire Wear:

For every million kilometers driven, 3 grams of cadmium are emitted
{0.11 1b. of cadmium per billion VMT driven) (Tierney, et al.,
1979), Cadmium emissions from wear-and tear of vehicle tires are

estimated as follows:

Ems = 1.67 x 10| YMT/yr. * 0.11 107° 1b. C4/VMT * ton/2,000 1bs.

0.9 ton/yr.
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APPENDIX D

ARB ANALYTICAL METHODS FOR SAMPLING AND
‘ ANALYSIS OF ATMOSPHERIC CADMIUM




1. Method
1.1

1.2

1.3

1.4

Method for Sampling and Analysis of Atmospheric
: Cadmium
Method 109

Ambient air suspended particulate is collected on a glass
fiber filter for 24 hours using a high-volume sampler.

The cadmium in the particulate sample is solubilized by
extraction with nitric acid, facilitated by ultrasonication.

The cadmium content in ambient particulate samples is analyzed
by flame atomic absorption spectrometry, using an electrodeless
discharge lamp, a wavelength of 228.8 nm, a continuum source
background correction, and the optimum instrumental conditions
recommended by the manufacturer.

If the cadmium content of the sample is below the detection
Timit of the flame atomic absorption spectrophotometer, the
heated graphite furnace (flameless AA) is used!

2. Apparatus & Supplies

2.1

The hi~volume sampier used to collect the sampler is described
in Appendix D, "Procedure for Use of a High-Volume Sampler®
{Air Resources Board Procedures Sampling and Analysis of
Atmospheric Toxics). ‘

Heated ultrasonic water bath.

Atomic Absorption (AA) Spectrophotometer equipped for automated
flame and flameless analyses (graphite furnace, and Cd electirodeless
discharge lamp.

Zero air - for flame analysis.

Acetylene - for flame analysis.

Argon - for flameless (graphite furnace) analysis.

Associated glassware: volumetric flasks, pipettes, 100 mL test tubes,
mixing cylinder or centrifuge tubes with caps, funnels (for filtering
samples, if desired).

Polyethylene bottles. For storage of sampies.

Centrifuge - if desired (in lieu of filtration).
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Reagents ' .

3.1 Concentrated (16 M) HNO3 ACS reagent grade HNO3 and
comnercially available redistilled HNO3 has been found
to have sufficiently 1ow metal concentrations.

3.2 Distilled or deionized water (metal free).

3.3 3 M HNO3 - Add 182 mi of concentrated HNO2 to D.I. water in a
1 L volumetric flask. Mix well, cool, and dilute to volume
with D.I1. water. CAUTION: Nitric acid fumes are toxic.
Prepare in a well-ventilated hood.

3.4 1 M HNO3 - add 60.7 mL of concentrated HNO3 to D.I. water in a
1 L volumetric flask. Mix well, cool, and dilute to volume
with D.I. water. -

3.5 Cadmium, 1000 ppm atomic . absorption standard -~ commercially
available.

Sample Preparation

4.1 The filter on which the sample is collected is prepared for
analysis by ultrasonic extraction. Prepare a clean filter
(with no sample collected) to serve as the sample Tilter plank.

4,2 Cut one guarter of the filter sample into pieces of approximately .
1 cm. square and place in a 100 mlL centrifuge or test tube.

4.3 Add 33.3 mL of 3M HND3 using a pre-set calibrated automatic
dispensing pipette {the acid should cover the cut filter pieces
completely).

4.4 Cap the centrifuge or test tubes laosely to prevent pressure

build-up during the ultrasonication.

4.5 Piace tubes in a test tube rack.

4.6 Put enough water in a clean ultrasonic bath so that the water

level is s)ightly above the acid level of the tubes in the rack.
Heat the water in the bath to around 180°F.

-

. 4.7 Set the rack in the ultrasonic bath.
4.8 Ultrasonicate the samples for 50 minutes.
4.9 " Remove the tubes from the bath and add 66.7 mL water to each

of the tubes.

4.10 Cap tubes loosely and ultrasonicate for another 15 minutes.

"
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4.11 Filter or centrifuge the contents of the tubes. If the tubes are
centrifuged, decant the supernatant. Use the filtrate (or
supernatant liquid) for analysis.

4.12 The final concentration of nitric¢ acid in the samples is 1 M.

5. Instrument Conditions

5.1 Prepare the instrument for flame or flameless operation (follow
manufacturers recommended operating conditions).
Set Eheswavelength of the atomic absorption spectrophotometer
at 228.8 nm,

6. Calibration

6.1 Stock standard solution - 1000 ppm cadmium solution.
Available commercially as atomic absorption standard.

6.2 Intermediate standard - 100 ug Cd/mL. Prepare by diluting
10 mL of stock standard to 100 mi with 1 M HNO3.

6.3 Calibration standard -0.50 ug Cd/mt (for flame). Prepare by
diluting 1.0 mL of the intermediate standard to 200 mL with
1 M HNO3. For flameless AA, prepare a calibration standard
of .01 ug Cd/mi.

6.4 Aspirate the reagent blank (1 M HNO3) to zero the instrument.
6.5 Aspirate the calibration standard to calibrate the instrument.
6.6 Plot the absorbance vs. pg Cd/mL to give the calibration curve

if automatic calibration is not available in the instrument.
PE 3030 AA calibrates automatically.

7. Sample Analysis

7.1 Aspirate the samples and filter blanks. Record their absorbances.

7.2 Determine the cadmium concentration in pg Cd/mL from the
calibration curve (PE 3030 can do this automatically). Subtract
the amount of Cd found in the filter blanks from those found
in the samples.

7.3 Samples that exceed the linear concentration range should be
diluted with 1 M HNO3 then reanalyzed.




8. Calculations
8.1 Determine from the calibration curve the concentration of Cd .
found in the samples and blanks in pg/mL. The PE 3030 KA does
this automatically

8.2 Calculate the concentration of Cd in the particulate sample
as foilows:

ug Cd = u% Ca* x 100 mL ** x diln factor (if any) x 4 ***
m ) .
*ug Cd/mL = {(pg CD/mL found in sample -ug cd/mL found in filter blank)
** final volume of the extract solution

*xx% {f 1/4 of filter is used.

9, Precision and Accuracy

Single laboratory, single operator data were collected for Cd using
automated flame atomic absorption technigue with background correction.
2 and 5 ug Cd were spiked on 1/4 EPM Whatman 2000 glass fibre filters
and extracted according to the procedure given above . Recovery values
{7) from several replicates are given below.

ugm Cd # replicates # Recovery .
0.02 6 100 ¥ 15
0.15 7 100 * 10
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